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...... 1 .... 14 1a \be law ~ of tM B utlQ1eM:l .~ •• __ U.teat 
vita ,.. ~ Sa .lMt.J'Od,l ....... Utioa. ~  tdWu,w,1' 01' BOt 
iau1Uoa altarDe.,. ~ tlie ~t;.l'O~1~10 tl&ltid.up, .lMt.rocl1o~18 
aM e1eet~ ca. . vue -UnHd tI'OII ..... Of aorMl ~lt. M\lt.el; 
tuHcl "" III low _lorie 41«t _vt. .. whl_ cootelu vitafl1a .&. 
~a1Ds tM in ..... !_,_ to be .,d .. "talwlIIU 
a-trodJ. ....... aM .• l~ _w will be ooUeot.e4 rn. t.be 
anterior tibial .... olea of d.\aIIt1a I 4efi4t_t .... 1_ tm4 cootnated ~ " 
'bae~ or e~ .. ta ~,...: (1) CatNl __ 18 .. tale ~ 
d~ v1ttl v.t.tat.. I, (I) c.UmRWlteet _bela ..s.atatM4 _ t.be oom.Nl diet .. eM 
(3) ---11' teR«l .... t.. ... low oalOl'f.a 4t_ btlt. .. wtd .• eOl1t4a1ft8 \be 
vtta1aa u4 IIlaeftIl.a toua4 lA ,lie "'1'01 41n. 
~leall1't tM ttltrUlatloa ,....,Ial .. __ Ia tale I _ft ..... 
.. Sa ... ~ ... lea wUl be ~ _lee .... NlIlCNl'O~ 4rup. 
1. Y1\aia I ~. 
Oar kaG¥1e4p of Y1tultu I 4trt.M r... 1921.. wII.ea J:"'1U8 8l'l4 Bi..IIbop 
.~ tlIe\-..t seN oU eOld&l • ., 1'anor ( ... taM_ '''x'', later eallfI4 
v1tab I) ~ tor _,-"_aM ~t_ of ~ la ~ rata, .-4 
tor tM ~'l_ f4 ..,....~ta ta tIM ~ ftt,. Ad .... _ ta tIae 
cu.t.,r.f of til ... ~ 1ltrN ... 1 ... \0 tbe PNswt, at vllieb t1M" 
1_t ..... didtJaC't ~ •. baW It_ Ueatltf.ed. ra ...... '1OB, __ sp-
thetttl e~ aft reportecl to have ntulr.l I -'lv1tl" ftaHe tAcl" '&M 
~1!184 Me .. _ten u4 tiM " '-4~1~1 --los ot ~ 
(lfat IiWl ..... 1,"). 
11tJrfag t.he p!U"tod. 191:3 t.o 1929, iateJut Sa '\!1tutft I wu ~ 
~- oa (1) the efttM't or v1t.a1.D J upoa ~tloa, (I) Its ~. 
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vital •• , 111 "- ___ 04 (\lhtca wn 1JMnattte1Rt), did =t PNftftt U. 
dl .... 1h Later .. vlth ,pllI"e t.~&rQl .".11.4014, It WIUI a=ply f1bo\m by 
Ka-eitet)r.l. aM MeCoUlaa, l~O, t..Jaa\ 'tIUAi _~ ~ _.~ eoul4 
" "1"9144 to \fttaata lluk • .,... autaon ,0WJ4 that rwt.r.:U,ODalllllUHUlar 
""~pJq Sa ~ )"U\)lt I"eRltH& ,... a 4et1eS84y at .. ""'"",",l.u'Dle factor· 
U ottNf. .. , ~laWat1oa of ~.~. 
. A."'. 
u ~ '"tl'01*1 l». pi,.. pip an .,....,.. eYe ~ t..b.e autcle ;~ 
aft ~ 4lltel"ed,. ~.t ... , 1.~l9, 1#%"1' .. tMt "~ aevlt.M ... 
..... ~ ~ .. wen ,.,....~ ill tUm'" of ~ ~l4t "ben" SA a 
dett~'-t I'D .~111UCl ... !Au f1n4iaa .. ala. ooat~ tor _bit 
~ ~1e \»)" "t" u4 ItNeJda (1951) IIIJ4 ~ ... MflUN. (1"7). 
ij~. the 1D1Ual .uM1WeI7 of ...vlt.lcaal .. culAr dp~ til 
p1ua pip ... ral'Iblw .". Goett6@. .. ~ 1a 1930, tku ... ~ .. 
tioa .. b-. '"'_*" in a \fU"1et;r ot a:l_la ~l~f ~ (MMoa atd. 
~f 1"*'1), .... (Aalenoa a !l.t1919); ~ a_ ~t.a ('~.!! III 
1935h 4ucQ (Goettaebai ~1 ... , l'~h __ ten (~, 1942), :rata 
(~J' I'»), ulld.ce (~_J', ~). 
!kJ1> au. speet_ ebow spHlttc eke~ ."..1.. u.tIIt. POI' ~I 
~iu (Ga. •• aM ~, 1"1) ad tat.tle (Gulltfl!UGa ... e.lverlr~ l~) 
8""" e ..... D CU'IU.M _ala; ·'.,.rt\toal ........ l .. lM'la' au betm fl.e-
aCl"l'be4. all OOO!Ul'l'taa 1a 10-. ohtelta 'I' Pa~l'" ... OOett... I,a 19)1, .. 
u4 hu e~tateo (1,,,, 19112) 4Aeeortbed "~1 ... 4l&~"" 18 caleU, tm4 
it: t.urDya I vlt.aJ.D I ufle1eH,. .ft.~.. .... nat.rlQtefito , .. AODttt ... 1. C'f 
the lltuard (~"'''' ~liIer, 19.r-r). 
2.. la.Mtl'041apoe1a .. 
6 
~fiOdt __ 'tl~ examt.ma.'t>lon of llONBl ... ~;ted --.,10 tn 
Ul#MM .. .,.. .... tel ~ U •• u ~te4. 1M proc .... ~'1 
.... ta ~1_ .lMVod~l. ___ .. \1 .. , aa4 ·taae ... ~_ for tM 
pruot .t-vd7t IaolUt1e: ........ , fJtNqth~,~, ....... 1\1"" 
lIt~l_, 1fIl'ftlldll '"- retSo, ad nap:aue to tal"etU.e ~1mu1atl_ .. 
1ft» DD17 ~ 1D the 11 ........ u.OI'lbtaa tile ...u_tloa of ..,. 
t!tese ~. \0 •• ~ of It det1elet akeleta1 .. d.e .~ to '" tbat. 
'i .... (1'~) .. tbU .... ~.~ ".t.~" ~.> Sa. 
4efteSea 1I"4Ib'bl .... aa4 4uclts. wlwl tId.8 authOr ..... .-.117 ~ QO '- fJI\l7 
two pole __ tile .~ ......... s. .eve, a •• 17, ~ ... aM~. .. 
~1'" t.J:tat ~ aM ct&roaau of Qstf'OJlllo IlUHle of ~1_ .. 4 __ 
18 ~ tba ~ .... t.lIat "'a etatfltt.1 ~Ia of "- hTttMW't1 
e~ 1ta ~1l .. ~ of the prat. ~Ioa 1D Ute ....... t". of 
~b1u.. ... 1ee"'. 
!be 'W&lM fit ............... 1~lo aut-~ to M ~lOD. 
able.. It .. Mea N~ ta, *'_,,, d.ecftu_ la .... l' .. 'loa. "ltb • 
alltltWa I'1M ben141a8 fteOlV'1 b ~ .....,. ~ (~te, 1~. 
~ !1 J!.l, 19it,)" Rlt.~h1e,~, 414 ROt t1a<l 'tbat ~ wu 1w h 
deaenat.fi 1JIIft1e ... cUd. 1t. teM _ ftM ,. J'M0WD7- ~""ITJ', 1953, 
~ y~ rea1l1ta. 'DIe '**_0'" taotoN (el.Mt.l"OiIle It ..... ,..1t.1.) 
UI4 local ~ .. S_ of ta. u... (.a:r.a t.e.Ptn'at .... ad ~1aa# _loo4 
1 
~l¥, ---I .. ~t .. ) .. -.,. iflf'lar._ tM ~ '"" ext_lft17 
iJl'M8t:tpt.ed "" 1an'l8, l~ .. 
A tvtto ~raetlOB ~ .. vbeD • aeele Ie atblWlatecl.,. t.be cloa-
1»5 01' 0,. ... O't • ctNult. .. ~ cU~ ~ of' lmlMl .t.~ __ 
lona 4Uftlt.tq (~). It. autfleleatl.y .'J'ODC cun.'" t. awlte4 too • 
~1e «Ii prol~ eaott.ettcm 004NN pMuclQ.J.*'NUteat ~ftC'61_ 01' 
'"tRama lJ .. !be ... 11 ... s..t~lolbiiat. (BesoU, ~j> ~ u4 otMn) 
teftlOifl *1. teta!Ntf .... ~plYUtO~"'. '" (1668), ~ ... (1909) at 
~. (1'1&) ta .t._l .. Nld.e ~ ~te4!IIII.Hle teua4 tat >l;l&1vaaotomlllf' 
~ wba tM .. ele __ .'kIul.ate4 wttb •. ~t&o1A our!' .. (~) .. 
OM altPtl1' htctaer tbe ~ ftl,.. Pollock!11l. (1~7b) ~ thet 
ISs... t.he tnaau r.u1w trca ad __ le athulattoa U. be cal1e4 "1J81'Vantc 
t........ .Aa4 .. the ~ ¥al..UII ., tIM ~ .t~ tor tetUNfl ..., 
'be 9l1- hlP .... the ~ 1. Iii .. beeawle of t'I ...... b tbe ttuue 
<---, ~t_, fto.) it. til ... ~ to ""ate tH Nttol!Jetwea 
the ~14 ett:lmd_ tor kt_ u4 l"b.fJa'bMe. TIlt. ra'toto .. Mal c:aUM 
":pol.ari._tt_ coettle!at'" lit ~ (191'). fif.Me It 18 1\H ratio 
'Mtwee the ~lA ... .,... ~ pl .. l0 QUIll .... to ~ft tet ... a&'.I4 
~ at tile ... euJ"ftOt. ~i_, I'61.J.oclt JIl'Op_e4 ~Itat it be u1l.e4 tlte 
"ca1VMie ...... ntlo"'. 
Poll«* 11M (1~') ~ _ \be pl..,..l. ~_ ra'tl0 c~ 
of t_ "~'WJ _ole of ~ 1ft vbt. a aene sent_ vitia Iae4Jaw 
811t1lN of tlte aelattt:t ....... ka4 __ perfOltl'lle4. !'Mft _then ~H4 
gal: .. .-!e ~ ratio aM. the atat_ of' 1maenatt_ .. rou.o.: ID 8CU'IM1 
8 
~ "toM plvmtc ,.teNt ntlo .... .., be j .. 5'0 6.0. ~ted auola 
my uve a :rap of tne l.O.O to 1 .. 0. '!be ~ ~.ttoa .tate of auaole 
1a ~ ~ \U pl'lffm1<l ,.tuta ratio h 1.0 to 1.,. In niDaervatloa 
artv FSar,y ..... 8U\UN, t.he 8IIlvulc te ..... ratSo ~ riMa .... 2.0 to 
20 .. 0 a4 ·tblIm Ntunu.. t.o Di>ft'8l... IlIl vte. of t.he .b.lfta b ~ cunu, .h)l.loclk 
eauttOftll tl:uat "18 \be t."'r,pnttatloa of taw Uta h'oIa ....s-t.t_ 'OJ' gelYDlc 
t.~, t4tt ,'- *lob au .~_ h'Qa tH ate of b .. '" or ~toa ... of 
~o_l4e"'le 11!1JO~"" 
tD .t.~-4\1n.t,1oa .'~, IitIou (1906, 1901..08) foua4 ... b7 
'WI1", ~8le ~~ aa4.tUNlaUq ~_ ~ ct .... iI'iIaIl 
t~ rita pl:wlAtt: ~'" <'~1_' .tna&th ...... t.a OV¥eil ~ be .. 
utud. -. ~14 of tilt.. t~,. ot elJl'ft, wbl_ e4fUiJI\ed. of two ... at 
f#1ae8 __ 4UtiaR .... -\4, ~ ,.d.ea,Ule4 .. tM ..,... of (l)-...o.ltt 
f!'bare to ¢t.U'ftDta ot l.cIa& 41U'atlo.u, (2) .....,. tf.benJ \0 ewreDt. ot Mort 
dw-ett.,8IIIi (3) .'~ J __ t1oa ..,... to eUl'Nllta of WtJ')f abol't 
durat10Jh ..... tM ... tn- of el.etnrodeG" ~ta (1:9 .. ) ..,~ \a. 
pre_" ot at 1eMt two u.cltallU1UN With 4U't ..... ,,_ Nlat~ -
tU;t. __ to tile 1lUNl.e ft.,. u;.i ~ 4ve to tM Ml'Ve f1Nrii 
~, 1916, 18 cl.1u1-.1 UI4 .... !.IIraeftt.al .~_ .. _~ ... 
t;\vat1oa ... veo at IlOl"III8l P4 uaenat.e4 INHle, t0ua4 "-to ...-l .. ole 
poa.-.. .. "r.,d':' eD4 oODt.!auoue c .... , atl4 tbat ~a:t.e4 ,...,le tn the 
,proe.- of reecnwy toll..cNt"" .Df(rve •• ure l'1e1da .·'.U .... t.u .. ·, oune vita 
two ~t.. ~SaQ pt)f.A~ aut. taatwltk -17 .~ c~ tl:le 4ue.-
tla~ 1ltV'flt au tbe ~ ,\1_ ~~eterut.lca <'4 heeltllN .. cle, but. wltJl 
9 
"'~ ft~ ., .lever min'e QPMft, aa4 tho MIl the lofta tla cautut. 
ot deHnattoa. .. ~poaed. tbat. 10 the PI'04=1.1oa fit tau. 40ubliI CUl"Ye8 
~ De t.wo tiatia<rlt ~.u. UllOA \tl}leh \be ~ ., tu. etree". Ie 
belt.v_ u.t tbeM two aecllul .. WeN to be :1dea~U1efl vita tAe _e1. Nbenl 
aa4 t.Iaa ana fiber OJ" Ml"WO ~" 
Pol.l.ock u4 hU COw'$fO:l'kee (l~5t .,~) 1"~ioM ~ P1'actl ... 1 
_1aDl:fl4UCft of .. tlcrdt_ of t.lse 4Uervat,1OJl at.udl .. 1»7 Mrtu.. ~ pota.t 
out __ t.be !)I" ..... or tba 4UfJet.:bN1q 18 tile .t,~ ........ ttoa Cl.1J'ft pro-
d4H a ~ tor 4te~ tile pwatateaoe of ~iOnal .urve £1'MN 1D 
___ .. -..",le iaJur.v. la  atu41M ~ ~ t.Ut. ~ tile 
porlH of ,....,. de ......... , ... tolJ.Dv:la.g neJ"W HCttOD, MI'Oft tM lIIWlcle 1. 
't~"'l1'~ ..... 'H4, ~iA'tlttl_ ..,.....,.. Jw:rt.M~, tlle 4la~18t.1"RJ1 
-.,. 
d1&~ ucl \be ft~""~l_ «tW"'Wt ~ oat.lDUO\JJJ wile. tM .. 01. 
is "'t~1e\el.7" deaer'q\e4. 
Lapf.cque (1"") ~tH:d talat t.b nlatlOl) bet.wen ..,1-. .t~ 
cWnti_ ~ \akeD ., 4Utueat. tS- .... vi. 41" ...... "Jec"" iUff .... 
M tll'W\l3t' uto ... (!~ .... 41ttf.~~ul'.. To taoUl't.ew .'uUe& 0'1 .. ole 1G 
coNal u4 ~ _. __ lie ,~ ti ...... leoti_ of • t'uatloD of the I'beo-
"" ........ leal .."..1oD of IlbUd.tabll1t". Ie t_nMIIl tilt. ~1oA 
'~:l." a:Ml 4ef1a4 it ...... ltd",..,w ~ to uette t18_. tor • 
ats..l. of tw1 .. tile· ~ of tM ~ .... 
La,p:l0tt_ (1906) toua4 tAat. tbe obrcmu1e of 41tteftftt IlOJNl JIWIclM 
iD tu ~ .,.J'1'04 t'roIII 0 .. 2 to 0 .. 5 Jd.l11~.c;)kda. ~ (;hl"~e val .. 
10 
detem1M1l \)7 •• sequent uperlMnW Iaft,t1ga'tio_ OB ~ auel_ (tucu, 
1901-oa, Mrw, 1916, lava, 191243) .......... t. tIUKlea ( ... ta, 1-.-2$, 
~k !1. J6., 1~5a) .., ........ 1 •• Off tollove, IA t.kG ~l ( .. cle), 
t.M ~1e 1. 'N'J7 aaoJ't (1.0mU.U,MQ0H8 OJ" lAYs). ttl tM ~17 
~.tell .tate, tU t::hroaau 1a lOq. I'ea:Otaiq ~ u kiP 1M 100 
Jdl.:U __ .Wl • 
.... tit!". et1l!ulat.1u Ja • _. of fnMl-iaI 8 tflt.Q1c oont.l'U't.taa 
ot ~1e b'y ... or .. Ml"iM ot tDUnuptecl .'1-.11 *' t'.l71~ ttDdtap Sa 
.~6~_1u ",\it repetltl". at!iliu14tlon _. __ ~ by l"ollKk 
.t11l (1941) u4 1 ... ~ ,.11 ........ 7 the Me41t.l"Oft ~t1OD (1952). 
a aolal fIt.tlle" ~lU_ .t~ of tke ~ f'nqUHtllu --.t (5CO .. 166, 
-..4 11 e,.~ lIf/II! HCOII4) ""rd. ... Mftt \be ... ~ of e'Wl"ftDt. to J!l'Cid;uce 
t.etaale ~t:racrU._. lh ""7'latfld ~cl., ~(dftl:r paMr UlImmta fit 
~ are ~.f.red .. the fNq~7 or \be at.uw.u 4e«l'ftIIM. 
J'a:radic euJ"l"ell1; coulst. of • ,..:,14 .. s. of ver,r Ilbort ttl-p.ule 
~ .. (100 to 3OOc1Clea pe.r 5_~) aIl4 18 uua1l7 ~ f'n:tm an 1.a4\1o-
UCla ~OU. It haG If.mlte4 .wll~\lltl04 in .~r041.~t$ ~.W18 1t :!JI bl .. 
»OIa1b1e to ..... a~l¥. $~! .• 1De tme vort fit Ml"ller iaveatip'tO'nJ 
of the ef'tOlCt$ of fN'qdlc stlala'U.oo .. muc1e (~ .. la6Sj ~o1lert..1 1916& 
Adr1u, 1916; pd Mayfield !!. Jl, 194s), .tlmulatloa of DadA by tar&dt.c 
~Uft\Mt. ~ue" oeatl"ut1:m of .. ~l. only"' ... the avve can conduct t~ 
~10 IIt1wJlatlOJ:l will UVia18 1:u.d\t'lte cMtraettoa 1111 ~lor.ml I\INsnlllt or vtth111 
tile t~t. '1tt"'.um .,. a:fi.er 4f1~tlofl. 
U 
~:k !!.!! (lgl.,$b) tl.t.att~ w1t-Jl tbe tl»d~ of ,theM earUer 
workerlli .. r.wq~ .. t that in the ~~ abel (~;~.t) aettatloa b;y 
raft4t<t att~·t1oa pef'.l';jt.t.1ttou~t 1:.be period of dcler'.ration aD4 'llNacle 
rel~a1;.loo, wt.h .... tu iitl~\llua itt _'plied ~tIll\lWOWJ1;r ~ on the 
e~;;i ~:M.ul... In __ , u~d lIWIcl.e (..'Ont~ to ~tract "" .t1nl.tata4 
b7 tuHi<t ~tu'Ten" and. it t.U ueo:_UIP"¥ 8~Ot :.rurnmt weft tolerable to 
tJw liubJ_t it. ~~ ~ ~: •• ~ baa beeD toWid to ~~ ... cant1"'&O-
t.1ou 4_ 't-o JAlrC'\It.~ et:1aulatlot:1. ~, ~ C~ tlilO"J ootor ~l"1 
lone ".to:. peN~ t~lc .l;~.t1_ ~ Q,~'1tJ'.ct!OA. 'lhtN, in 
"PCI1t~l.y J'ecovv1o.lluf.o., @fn~1Bf1id 'to J."f.1te0"ttlr in a perm at t~ l.H& 
thatl ttUlt.~l:1i,uh vouW he ~l"ad, weft tile part or tn. ~ tUatal to the 
1r;.JU17 a~letaly de~ted, td.lun t.o re.p0a.4t.Q ~!c :rt.1allua b ~0IImlI 
1. ~~. 
fc ~, .., ntport.a _" .,.JM" 1. t.be lU.vuu.:re ftlatlq tlw 
_»»1111:3t1= of eleet.~o ~ .. to ... t*'1 of akelat.al ... la 1a 
~t.al v1\aU B 4etlc1eae14 
.... 1 Gad __ nat ... ~ have ... ~1~ .~ eleet.J'Q-
~call1. Tbe fbKU. of ... Of ~ 610.\141_ tir&y tie 'Drletly ..... 
arlM4 .. toUon t 
&1ect~.tc n"'~ fit • aorM1 .eletal ~ at na' 
r'eV'ftU& ... \iIIIClht~ tao ... lRtnc bMe-l:1ae WlwU.J.r ft'f'1Ift'fJ4 too .. 
'electrical .'~". ElAtet1'1C41 II~ 1mpl1_ ~~t. I~CNlar 
reluat1Cm tmI1 1a .. a:t_tt1cut '~-.l' fimU.D6_ \~ d~t.ed... M with 
l.a 
4"i.n18~JIt to 0" .-tloa of the .,tor nt'Jrwt, tM f!NIlOl. flM? UD4vgoe. 'VU1QUs 
5t1"Ut:!h'ftl ol!ld tunct10ul ob.aC.p$, UJ4 U ~ .pa" of *' rev ~, :f'tM SPOil" 
t~ ~t. ot the JIIU&~le tiber eppear. TbMe ~at. wttre ttNt 
oblJevved ~a~ b7 setl1ff (l951) ~mo ~1 tbea "flwll.letiDu". CoB ... 
coaltutly, tlut eJ.ectrieal atlAace ., rwt1al .. de .... 1eet~pl".a~ 
111 ~etl bJ' npltlt1ve po1l4atlal. of ..u .,..U't1l4e (50 to 150 .Gl'O'VOlw) 
...... 17 ~ cturat.!.oa (1 to 2 m1Ut~II) .. tt btaB b..-. a~ 'b7 
ntUy ... ar.ovD aD4 ~paekft' (1938) .. w.u .. _,. ~ lJmtat.lpton 
tturt. ~ spofIt.-..ouly oeovnlli8. ~ttala ","HIlt P1.t:vlt,. ta $tqle 
'fiben" M4 18 tOWl4 to'M pre_t in 4~ted JlU8d.e oalJr. 
~ ~ t\lutlu U ~ el.ut~"'leal1,. .,. 
tbe ~cttG. ~ lIOtor .. 1t poteat1ela. t'be ~ wdt 1e ~t .... the 
n'Q~ Mne "ell .. It" &'JC'.OQ, M4....pkt.u rm4 all .. Jl!lJWacle ttb4rn 1t lrmltrvat.ea. 
The ... of a JItOtOr I18tII'OD dtvUee f!NfItItI ,.... ror.s..r.a t.end.ul. .... ,'- vMS 
auppl,y ...,. .. ale" .. ".. <I .... t .. ~. »J'O~ a.l.oq .. mot.w ~ 
may eaUM ell t.1le ~le fl. __ lMenatll4 by that aevJ'QJl to cootreot a1Pml .. 
tanOO'!mly .... ".d.t" prod-wd .•• ~ ~ .... toed ..... _1t act1aa~ ... 
ttal. 0.. .... '11', all 40'1v1t7 of .on.! .~1 waol. 1a bu. 1.1,. the 
uteglt,. M4 _.-lut1_ of tM ..... 1' w.u1t. ~ tol.lfts.q aotol"' 
nen •• Mt.loa .. .nor watta ,., ... Mttqted, vol11llt.U'U,. __ t.U nbJ<K't.. 1a 
apecU'1c ~*i ... ltera~s..n 1ft tIM 'Wave toN, 8CNIIt1, ......... ten .,. 
11eld iatorat1oa .. to ~ parUfNlar t)'Pe of pa:tho~ _ick 1. PI'M-' 
(Lie", 1956). 
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4. ~"'Ul ~1og vita ~'tl1.ar d.nIp. 
OM of t_ 81p1t1CU\ ftaal_ In tl:WI uveatt_t. ... YU t.be 
PJ'eMCC. of 8,poat.ueoua.l1 oc~ ntJrlU&101_ ~t..1W iD ~ .eleta1 
lIIU84laa of tbe vt. ... 1a It 4et1clet. an1aala. Elect~gnlphlc Nmlnp vere 
t.bat. DO dlttenaoe 00Ql.4 .,. 4J.aooftW4 HtWMA the ~"la1 parameteN of t.be 
tilll"ll.l.atiu ;pot.ea\1alAl of a a.t1eJ.-t -..cl.e .... t.U mnuat. ... JOt.'Ua18 
obta1Md. t1!Olir4 tkelatal .. ole of dMervate4 nbbl\8. sewnl Vt.taa. waJ.cb aft 
.aU \0 _t ~U7at wa. ~ JUDet1Oll, ..... tteea .tu41e4 1». ~ of 
tbeu,. .ffect. em tbe ttbrUlal'1 aArtS.v1ty of denenated .. cl.e. Th_ lnclude 
d",tubocura'r' 1M,. de\~~b.oA1\tml ,~~e1..'>171(fMl1_i aftd p~tlg:1l1Dt" Ita tM 
prea~. of ft'b-l'tllat.lors ,potentlela 11\ It def1clMt ft4W414j rep"iI_te IR ort~1 
t1ndl~# no data 1 •• vdlAbl.e 1D 11t,ue' .... of .. ~l.e 8t~ \lJ.\k theM 
~<mlar l-_raaeol.og1c ~~ em thU tibrillat.10D atttlv1ty. AII:part of 
thu iA'Yea't18at.lcm., a atwtf wu ~ or the etteet.aot tuae d.rUp _ tu 
t1'b:rUlatk.m pOtat-tAla of rt~ 1~ 4.tl<ttut ftD4 or dael"Vat.i .Uleta.l 
lWaelu ot rab'blt UGiq ~~lc ~lud.~. 
SoI.18 of ,the ~)\_ 11terat'UJ"fl Nat-bag to ~ 6N'ecta OIl 
~t1a rtbrUlat.1oB ,., M • ...n ... .. tollow: 
!he tirst. ftJOl'te4 "irIOI'k 4ee:U.D& w1t.b t.MI .nee't 01 ~~"'" on fibril .. 
1at~1~ t:~t ~t.lo:a appeara te. be that otLansle;y u{t ~~ 1914-15. 1\1 
vt.ual .~ervl1'tlon of ~ d~'&te4 p,atroonmU1 fi!W901M of rabbit., thfq' 
tou."14 t...bat :f'1b:r1Uat1,on ~lfa21 not atoPJ""l!d, by Ctll"'SM. -r.~ ~ .:tar ut!tI'leI'vat,1f:a 
in 8. rl\l)b1t ".e!,~ 1.2 k11Qt;J"8lM, ~t.tI·are vu given lu ... ~eC\)6s1ve dOses up to 
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7.0 1M of .1,.,. ceat JIOlut.lm, .. the t"t.br1l.lat.l_ WM "_in llwll"'" !lie 
~ Hlutloo .. npol"t.ed U Nbs« ' ...... tn.h ~ .1~"<,U"ltle4eun:rl ft· 
tnRt, a.a4 va WIF¥ uti .. , 1.0 00 of " ~ .... Mt4w MnIN tD ~ 
~1' Hi_dll" 1.15 .~ .. 
u.s.a el..-~lc ~ ... a.:t'WttK ... lea of _perl-
~ _'.la, Solaa4t. ... *&lad817 (1940), le.lAM (l~l) aa4 Re14 (1941). 
tOWll4 ~t. ..... U wl~~ at,., .. ttuUJ.a\loa ~ ~~ tD 
Ml'~..... ~s.ac lieU, ·~tl1w1ll.etlOA 18 UlltitttMte4 by ..... of nree 
~b1<m Lfi \Wl~ J.\Uf.:le ft4~. t..tue rupowte uf ~a1f_ ~ele to acetJ)"l-
Ii} 1~5, *Im.YN \IOl'ldJll, ~itm dC'lWV ..... l. ci:i~ ll;?3elrt ftfr~Red ti.Ja't 
d ... tvb~\D"U'1M:: U ~ &Wt ~~ !~.pl.'" -.d.ebJ.cr,,;;l(. 40IM 1101;· .tteet 
f1br:UJ .. ~1,.:m. In.t.ra~rtal iaJe<>'GU81. 'It a 'VW;1 l.ar_ ~~ of d. ... '~\I'l"art._ 
1a ~ CIt p,t'o.;l._1t:Ic ~~ev. .1,,·za coatl"a~t~ &till. a.fm~th" CQa:rtrae-
t'lll"e \d,'1e electr1~ t1tr1llatttola at ~~tl>Wl. a *,.,I"ke<tl..y ntd~ Wl(l n~. 
t.u.~ cQLi;.l4ftel¥ de~. 
Jv.:;:ho.& 5l- llF;Ol ~~ the ef't8('t. or {t; ... \i~m~·.r1H on tbe 
.leet.~~: p1ct.ure of t~~I!;;t1 pwd,lts .U;.e~ ~.a t_ :r&t. 'i"MY tou.M. 
that ~ 410$u laC. 00 ct~t,. '~hll.e lar~ ~~WM ~;.t¥. Iii. Ue~{l:1t:t 
\t~1\.~ tlt*l. f.'i.;'Cq\wn~y !;.if' fUirUld,,oI'Y ~$.1'iQttl.)e btlt _Val' tot.,..(~1®lite.rat1or.h 
foll~1iin, tW un t.h1D w.rt;, 1._.1' rfl:.lr-~M't<'lId ~ a 19"j~. :;:~'CJ' th~t 1x1 "z'cnel"\'aten 
,:;ra; w.(~l.e of thl: ftt# *;$ tnUo ,um •• l. bloek.f.a& {;.~t.. of (t ... t;ubo'(~~l"bMl 
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about. de<mllaa. 1B f'1WUl.ati.J Uti ..... " .... N1tl.a tile ltl.o::!klas due .. 
rtWUlat10n ¢eue4. 
I~ !1 Jl, 195'), repo~ tUt in ~ ft't ~l.e,llitn­
~ 1~1_ <:4 ..u UOWlt.e td' ~ .. tAoo1Wl (-.-twen.U.fftJl of the 
'bloo!d,AG 408e) __ fJ!i u ~t ~te (wf.tilla. 5 'to 10 lu'teoaU) outbUl"tft of 
eleatrl~a1 "flbrllla17 .~tb1t.y rQl«1l1' tou.ow.d b,r ~~1et. aU.ace. After 
thla _~i_, theN ~ __ calloA, varlaba ,.~ o,f 1~~ aott., 
~ ~ ~. ret:lAl'a t.u "'h.:mt~l )AvfOlt ''!Jt f!br:1l.loU,Qlh "lhe bit-1al out-bunt 'Or 
i~~~ ',t.tLril.l.ar,'f &Cuv:a¥," \f~ ~i.d,;,a.·l~i "" t.~ ~.f'l)l<U"l~U~ td·t~t. of 
3tn~t !l !! (1!1~1) ~1.wll.J.tbo effect at .(t''1C"ti "I1.~lArl.d,Dt': 
tl&'iiut,~ Q:O:l dA 1.o1at,.;tf.i.b:rll4U~ (.t.aUMJ''I3t1iN ~Jh"!l(lt fih~' ;Ul .. he t.lit4t":t eat. 
Thqt~l;.;1.~t; th. t1"V'q"Q,,,~~ ~ tUo $~t4" relltjH,U;i"'ltq ttr'1UO .f1l>rtl18tlou 
';';Jt@f;i;t.tfJl .l;;$i.;ut.ll"J},ly but h"i~tl;1' 1t\';J·~.~ by cJAtt.)~*~~t11\'ii'i~ l.i~jltro.l1n~ ,<)Q tu 
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la 1931, ~1ut.U aad. l.~o ~ .. ~t~lc .t~ of 
tM ettect of 'pl"OIJtl~ OIl ~ted cat .. e1e. b.1 ~ 6Ul ino.l"ealle 
1.D ft~ an4 ~t\lde of flbrillattoa. llOtentW.. In 1946. Rtker fdlI! iJeH<Je 
NPOJ":\eQ, 81M1J.a1t tia4:u ... 
Utteft1a\e -.. ~4 gtut. rabbit. (-.lAM). ve~ about 1000 
gnu, weft the subJect.. of tbe vlt.ald.n Ii d.ettc1em::-~. Rabbit.. were 
<:boG_ k~ .... tHy nspo_ ve1l 110 ""' det1e1eAcy 4tet ad they aN tJle ubal 
of el'&olce of . ..,. pnvlOta1 b".tlpt.on, !ifmce ~ _ter1al on vi tamb 
11: 4e'f1cteey .tteets 18 flvall.t1ble tor comparl.aon. 
1. II:pert.Btal diet.. 
the toUowing low vi~ft J: 'let vaG pre~. to ~. upe:rtmeatal 
vtt.a1~ at 4ettct~: .Noe ... mrt.,rittve tiber m. OIiUMU (vttam1n tHe) 13.~, 
nue,.. (as ~te4 aU8U') "ft, laN. 5"', ,....t (dried. bnwen') 13.5~, cod. 
l:hv oU ~ _d Hlt IlU.tUft J'I,. 
'l'blIt diet. ~ ....... follow ..... apeclt1ftt1or.w: 
1ot&4utnttft tDe:r. Coaaut.. or " veerrta'b1e cellulose ~ tor 
we U \I DOn-nutritive ttll.er 1. 'let _t._tala GDti ... GO a:vul.Ule rood 
val... i1'repare4 "" OeIwnl ~ala, lnc. 
11 
r 
Cuela. Deaorl __ .. " vt'-ia teat. caM'" wb.1_ bu __ 1"..-
...... 1 _'ftf"~\l .. "ltlllt.ot al.coJaol to reane tat .... vat.r aol_le vital'du. 
P,reJra'" 'by GeMral Bt.oobeIdea1a" 
l1Yel'OM. ~1&l_tft ti_ ~Hd~. 
I.aft. W1t. DOt .... -.; .0000000001Nt.;ylate4 ~Hole, .~ 
bu\yl.at;ed. ~luae, .004~ prop)"l Iallate, .Ol~ cit.nc 3014 (_ pnae~ 
\lat1 .. : ProWlue ~ 8!l4 ra1xe4 ~1"14H). 
tMat. ContalabQ:: Vl~ I:l (!'blain) 200 Iatena:tlcmal ultl ... 
~J Vlt.BS.n 0, TO ___ M'bOtlal'D PIU" SftIJIlJ .. weU d I1AC1a aacl otu)" 
tectoni of tbe a e<nplM atunl to ,eut. ~ bJ' tBe Chi.., nt.etetie 
Suppl¥ .... , ~ ... 
Cod 11 ... 011. .,1tM1a uaq per SJ'fImI 1800 U,S.f. Uldta of vi'_ 
A um.1 180 U.3.P. aita ot Vit.ab D. ~ bY' I. I. Squibb aa4 ~ 
(Lie, ~). 
calct_ eVbota\8 
...... 1_ CU'\'toaa\e 
........ t_ a\lU"a'te 
f.bU._ eblOl'l4e 
Po\aaSI_ cIll.ori4e 
Potaulum pbapltate (~le) 
J'enot.c ____ " 
PGtaNl_ 10414e 
........ ~
5041_ t'lUOl'14e 
Al~ ~1_ $IulIate 
Copper aNltate 
9aa 
,....300 
2.500 
l"fjoo 
6,,9(30 
U.200 
21.200 
2.050 
0.008 
0.0", 
'0.100 
0.011 
a:a 
~ ~1DI to tM NCoIlllltadMt.cr. of Bu'btMtl, -"'1 aa\ WalE. n I., 1937, 
by Oi!menl lHochaloa1a, Iae01"p01".~. 
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'r~¢".:.r~'i 1;~:~lcmt. "eft ~sblY mb:od, 1n • w"P tub} t.he 004 
U.VU' 011 lUl4 1U'd (_It.ed but ~ bot) 11.,.. thea ~ ir.. The diet 
_tertal W4 tttored \lIMSer Htr1pntSon. 
'1'.be ea1al.e were 1$1 4&117 U4 aJ..l.ow8d to ~ of: \be diet !t 
lab.. :r .. 8D4 vater bovla Veft wuha4 eletm 4aU,y * 
2.. Corlt.;;'Ol 4J.et.. 
!he oor.rtrol _tall I'ftelvK thia ... rattOA U tile exper1aaeatel 
~Dl~# but ttuppl..atM wl'll ~ ... ~l"Ql (~ aceta'te) 50 m1Ul ... 
~ por kUogru of 41et. 
1ft oriel' to obtain 1lMl"17 ~ uta vh1ob. wo\ll4 1&4 ~ 
8.1 .... to atatt8t.tcal ~1., It would baWl bee. deatnlble to 8X8Id.rle all 
WliMl.a at tho s .. tu. CD .. 11-.. 4A.q. sta., ~, tJd.. couU DOt be 
~ beoauae or l.bltattoM ia ",,1~t and. pe~, toM uu1net,lou 
were ac*ule4 to ~, o~ .paw_ t.a t1ae. to IltaWa \be ~U­
it, of a a78't.ematle tl.eto'r enterlq tmfo tbe rw\1M of o.abd.na tU 
e418lJJ, tbe1 wen ••• 1ped top14~ 1a each fP'OVB of ~_t1 .. bJ' .. 
of' '~ ~l" tabl_ .. 
It vu _peote¢ 'that the .~ at tJ.Mt ata ol)t.atae4 t:roa oa.c1l or 
thea. ~ O'L __ l,Utl<m1 would be ft,pJ'UutatlvG: of t.b.e ~ltlon of tIM 
anbBh at tM lld.44le of tId. 101. !awrval,. 'Data v~ M ~ u true 
uatl1 t'tt.e vviu.,oe o'Z .cae O,t tlWI lteUuremeau 1ncre~ a1aa1tlcutl7 toS"clng 
20 
us to .. It the pruenee of' nan.~ _te. As l.oag u the data ~ 
to be 1'l~MIOU8, tbe7 ~ould'" a~ 1a. --Sa&tul way u4 :tbe llldta 
to t:Mlr dlatrUnat.lon could be ._ted.. .. t.ae ~ee lner.....:1, the data 
tor u1m.ala could. be .fIJIIU'*~ ... we voulA look at. \be bebavlor or 1Dt1:vU-
ual u1wlle tutee.4 t:ft 1Ook1lC at tM ~ or. ~. 
A pnlbdftary ~J's..at batt .~ t.b&t toM t,1M of ... t I"IlPU 
c~ tD el.ec'tl"Cdtaauoatlc ~eri.t1cs woul4 tNt hU'a tvaltf'...zd.Mt to 
tortY' .... u ~ after tile -tl7 l,ato ~ vttefdD it 4et1#Jleat. 41et. Prca tb!a 
1~\1_ ... ~ tit autrat.s.o. vu pnpaftId. A3 \be expIl"iMJrt. 
~e41 1t .. tOUD4 that tM pantaul.u popq1ati_ of ,.bld._ Mba uaed 
tor tku ~ -'-red 1nW t.U ,.no4 of I"aPl& ('~. _1'118 .. thaD M4 
beer. ~t.ed and l'Iace a all&ht. ,...1.10» of the • .-u1e ot tem_l 
uuiaat.10De VB ~. (8M '!able I to'I t1Ie •• 1MIrdulo eet.wdl.7 toU0ve4.) 
A aabe4ul.e tor toM -S_tlal of \be coaUol u11'1'111ls wu _t81~ 
(a. Qcwa 1~ 'fable I) so 'tMt. 'tbetz uta woul4 be <*talMd 1n ~ ~lIt 
to .... of t.M expIl'iIIeIltal "'lila. 
~Ia_t.a vlte.ria lU'M4 \III&ler ~>~l"Ofii~t.a ~' 
an to M ......... TIltIa. ~ f1a4iDp W4MIl4 M ~ in "'W of 
tt. .... o~ a. all ........... tv .. NRlw fit fu'a4U .• 't..l.&\loa. 
'1'U as ... at 'S- ...... tM .... lOB of now or taw a,\1IIilI.1&t_ CUft'eDt. 
!be t .... 'l'a1ltea ... to 'be 11M l.e._1IeDt ... UltlM Sa aU. c .... " UIM la, 
Pft·~ .... t.ioM of atlaUl.l "" t.o tile tIM4. !lilt .,.. ... 'fVta'b1e 
vial. WN14 .. ~ .... 1»7 .. ~ woul4 ., in au eaMI, tU 
-.111. . of '\be cvnat 1a aUlt ...... NflUin4 to ~ 1M a,.ttled 
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rabbits N<relvl88 • 81"M1t at.Uml.ua ~ 'be av.~. 'thU" ~ever, would 
not. be ~ slnee t._ t~14 for III .. c18 at .. S1va lSunt.lon of 
$tl .. ~ul:. la " aormal nabblt.1a DOt II. conatat from OM ~1at.l_ p!l1"lcd to 
the Auet, alt~ ~te4 t.~holu are uuaUy elm1lu. 1'0110. a 
C~l"t .. h'om OM rabbit to~, an4 also fI'cIm 0,. ~ to the next, 
It. ~"'aa deefAed to \1M • natto of tlw ~14 at the Nlect.e4 <turat1oft to 
~ tAr_hold at tIO--cal.led l.oag w'ld1n1te" duration (tUn hu'e to be JOO 
miUlseeondB). !'AU lut val_, Uu-asbold. at 10»& Ol' 'In.tlnlte'' duratlO11 18 
, 
apotrea <It .. \be a1tOebaM. TIte quotMat, tlMD, of tIM -.pl.'" of curta" 
(18 Jd.ll~ ... ) requlNd ~ ,....ue. tUealaold l"U,... at • HleOted dtu'a-
ttoa of a"tm4_ atvt .... b7 t.be --'tude of' CUl"NDt (1 •• U.U~) 
,...1I'ta4 t.o pro4.e I'beolta .. ,...,.. ... ctIl1e4 tM "~bol4 ratio". It 
.., __ "PI .. t.cl as foUowa: 
thl"Mbol.t CUlTtlDt 1a sdU~ at 
• .-boll _,to ,. t1; 
~CN1"--:r;;;; ... .:l1i'~a=-m1~l:"'!l~~""'· --.........-.""'!"'t 
,. ttiftatte" d:vat:loa (JOO a1Ulaecondti) 
1. Iat'l ... Of pUot atu4,. .. 
Pil.- .twO ... e!pw. ntem1n B 4ettolea\ ..... 1_ s.u.....,. 
tbNe ..... tel" ~ ~.toal (1) A abe ... 1a .. ebancter ot 
vol...,. M\OJ' _1\ pot,at,f.ala ... tAe Prell ... of .~ "ftwtUattoa-
11M" pcrtat.Sala DOt UIIdel" YOluD\U7 ...-1'01 '*' ......,11Da tbOM Mea Sa 
1 __ ... aMU"OIl bwl ..... t (~t_.t1_111a'1OII ~,t.ala)J (2). 
~ la tM .~ .............. CNJIYeD Saelu41D& " l.e~ of the 
c~J ...,. (3) • ~ ~ loea (awnp of 21.~ or tiM total lJor:lJ' 
wel,,*' in fl .... ..,.). 81Dae "baa .. f.D e1""I'04S .... u data _otU" et about. 
tlut __ tt.me ....... -11" 1au ~, the JOIlltf.ll.tillt.7ed.eta tbe;t tile 
.1eet~'le c ........ .,. lI. 4_ t.o s.uastt_ al.ofte. It ft. 4ect4e4 to 
coUect 4at.a _ • poup of fGlrtba .... 18 not. .... E utt ... d,_t ~ but. 
with 11 0..,...018 we .. lou (~ 20 1*" oeDt) ~ a ~le pertoct 
Of to_ (.-. 110 , ..,.). 
a. ........ of \be a~ lfft.1wtl1attoa-ltke'* potattala ,,1_ 
\bell' ftll 1t1aaM .., 4eMrvatt.oG ft'brlUetlea poteIItJ.a1.a pot.atet to tM 
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detd.!iMlli'tl of ~1l8 tM t.wot11*l of pot.e.t.1ala .left,~caU" 
aDd. ~e~1c.lly •• enreton, it wu <leQl4ed. to ~l"'. t.M t1a41a1P 1A 
vlteud.a :E utielet. n'bld.ta with & .... of I'8bbl'- s.. w1. tile .... 
peroDMl ....... aect;lG1'M4". Nault-u.s 18 ahl'Qa1c ~t·~ o,f , __ terttw 
tu,1al .... le. 
2. Choice of ~1 eOftdlt.1oM. 
II. CbJooa1~ deaonatl •• ,~. 
(1) ~4 .. 1p. 
Se'ta ~ _le ,...1'8 aft to be tINt expertmea:talllU~~ •• ~ 
t.he tOlalu utica on one aU. va w l>e der.aen1Il". b, HCt.tOA ot the 
~,.l"ODeal ..... _ tbat 8tde. '1tMt OOAtnla'tU'81 .. lee. are to " 
WIfI4 , .. ooatrol or ft'fer.ee. Iotll eleotl'041agaoatlt.'t .u4 ~~le 
........ t:l. . ueto _ ... _ toM tollovlDs post~lve u.,.: Pint, 
r~, .1&tIt., .l ...... th aact thlrt.1et1l • 
... ~l ... tl. Aata .... to '"' PJOC_M4 \)7 expnaeJ.q 'tMa 
in ...... or '"'tbrMbol4-rat.lo" _It. .. 4e8erS.M4 Sa t.ke'Dlalp or tM 
~t' tor tae vlt.Sa I,; "'c1elK:y data. !M .1eot~ptdo uta 
are '. be J."&OO1"4ed with ,....~ u4 -.-tIe \apt. 
(2) llaenatlcm \MUl.-. 
I'M I"t.&bt t.lbs...u.a aat1t.rua INGele wu ...... '*«1 sa all auea. Tke 
COJaOa ~ Ilene .. UJtOM4 eurs,1ealll' b7 atw11e ~que b tbe 
ueatbethe4 us-l (pea~:ttal, .so ~ for tnm.p.tU1utl_J -tarl et.I\W 
to ~ ~le nl.uatSoa). !De acamn ~ Ml"Ve wu tle4 ott two 
~ 
ectt._tflra ..... t.lIe ttblalls r~. Nld 41v1ded. !he {'l;~JrtnU at._ wu 
r.nlt'lcted kc:~ 0'4t...) u ... t.t aDfl t.1N ~'* 1t.t tbta p.).l'ttt;)f~ to dela7 en4 
mWaUu l'e1ruMrvat.lon. 100,000 \m1" of 'PeDle1Ulll Q (1nt.~cul&r) vas 
1*cted. ~t-opel'lltlv.17 as III p:GJtqlu:U agaSut.We4'ltl0.t'h 'fhe u1mal.a 
'\ten ~~ OQ ttl. cOQtZ"Ol d1et.. 
b. l'utb, .t~. 
(1) ~ .. tp. 
aevea ~ u.le fthblta wen t.Ile aubJNt. of Ut1. fHt1D& .tut,y. 
C~ el.e<m'toal GCi'ldMt.lou 1iH:tN to be IIIA4e on ·the tint dey to provt4e 
oouVol or N~ data. !hell a ~ Nt of eICIUd_t,1oH wu a4e QD 
each ..... 1 _ tbe 4a1 that be .. toad to have lost ~blat.e17 10 pel' 
cst of hia laittal total bo4y wt..t. 
(2) ~. 
AAilula vue vet&M4 talt1a.11y" J3Ntred. lIumJ:tton M1gbt wu 
calculated. tifR each ut.).. Ard..u vwe vel..- 4&.13,,. while OIl the tut.1QC 
diet to cletembe t.M ..... ,.1Dt of t.M wespt .t~ (ltHy or ao ;per cat. or 
Initial _ilikt to _\ob "" ...,.... wtSh" loa. of tr.U ""tab ~ 4.etlcieut 
atd .. ala). 
A CGleriealJ¥ low t.U.et, but OM Whlab contau.t all of the yftfllldu 
Ut1 salt.. til U. ooavol d.1et, wu pr ....... Ita ..... 1t.1_ .... toUowIU 
t-.t ~._, CG4 U.'MI' oU U.», .~ aoetete l. .. ~, a\UQ'!OM' (a..,.) 2'.~, 
aDd ult. 12.5~. Twat.7 ..... of ~ Uet weN te4 te C'acb of the Uolate4 
_t.ls 4a.t11'. '!U a1lal.a 'WW'e ~ _tel- • UldHE-
1.. OcmeNl GOWItufttlou .. 
ile«tJ'04~t. u::/ be 4et1D.ed u tbe proaed.ure in which ODe •• sa 
~ .. ~le or 1". motor _no .. el.ectncal cvl"ellt of 8u1table :lDt.-lt7 
aDd M1eeted vave toft', 1. or<ler to .tab 41apoet1e lDtonetloa concenlaa 
~.\Ilar dteorQen.. wllUe tan are Rm1 tnee et Ga.· vb.1ch lI81' be 
Ob~ 1» • n.Ntt. .leet~u uuluatioD, \be ~adU1"88 ee1ectad. 
tor tlak PJ'-_t .tuty lncluu: ~ .. , at~ll .. t\tr.tl_ C\lrve" Cbronaxle, 
Gal..".:to 'fetan:wl 1t«t10 (CatJ2.odal), Replttlthlt StI-.lat.loa, ad ftellpoaee to 
FU'at110 St:tamlatloa .. 
~e t. de'flutl •• 'the Bsd.f13'1.81 MOUnt .t walventc e~t 
las". "tattnt. tlml" (300 Id.U1H~ or 10ft) Which .. us_ .. ~uQlble 
Uu'e81lo14. O'~f.OD. 
'!be S1u.·.~ ... D\aftt:1cm ~ t. & ~ obtalMd b1 p10ttbll the 
curnnt "t,Uln4 to pro4uce tho ~I __ ~ ~~t1cm .~ 
in tM d~.1DM1OQ or ..... , aaalut. a ""_ of ~,......1q at1lN1u 
dunJ:tf.ard " 
ClurWMltXl. s.. ut1De4 ... tl_ 1ft .1UU.~ (4 ... t1oo Of 
.t~.) 'if" the ~t NqUt.Nd to proCluee the Ido! II .t.:I. __ . t.J:uwbo14 
<:.::ontnnioe 1. tvtce .. Sl"Mt M VJe ~ o~. 
cta1vu.lc TetaD_ B&rt1t? (c.t~al) 16 t.btl quot!eut Obtabe4 'b7 
dlvlall!\1 the val. of pl~f~ et.U"~t Nq\dre4 W ~\Y~tt • «PJotatMCl coot.rae-
tloa at tbe -.-ole tor tbe per104 or 1~ mUll.~ • ...,. the Rbeobue Curnmt .. 
~petltl'ft 8tUwlat.loa $.a • __ of prod.~t8i III t1H1Ct<a1aed cODtne-
tolO!) ct _scla \)1' t.M •• of • aerift of UDlf"on t..a1vanlc .t1t~11 hav1a& shon 
4unt1OM 1M',P8ftt.e<l b1 .uttab~ ~ tnt.enel.s. 
F~1.e et.Sl1Nl4t.1oi1 is the QPlteat,toa t.o ~ ~l.e of tbe 
Dpe;Jliall_ va.. toJ:m pro4u0e4 by tlae labONtoI7 1D4uetor1_. 
a. ht~_t1oA. 
tbe 1M~ requf.N4 t. obtal.ina au tor .lect.~1a 8ft1 
(l) A .,.rea ~ plvaaic ~J (I) II suitable ....... lDe uvice tor tM 
gal.'ftdd.e t.'VJ'ut.J (3) a aouree of tan41c Cun'eIlt; (it) • IIttflulatlas .lect.~ 
(pu'e~,.); (,) • ~4 or t.Jt41t't~ elAMtroaea _ (6) u.ulate4 wt.re. 
to ~t t ..... ela~ wtM .~_ of c~. (rtpre 1). 
'ftwt ~. of plvuto ~t ~s..te4 0'£ a e~f.al (Me4f.traa) 
direct m.uT8ftt atllulatol' or .... apecttl~, a co_tat eurnmt tapuln 
~_ ... w .. !ftle lMt~ lIM the toUclw1a& o.perat.U(; :!hL.~,,,Ut.tUI (1) 
It la .~le of 4el.l'fel'tlaa • _~_ t.mpulM ~ s.. ~,C! Ud .. 
a ..... llDPlar ~.ve torms (2) .. tbll1lt:r1oG of 'bbe ~_ .... verled. rna 
1;)00 ~ to O.l.SlU ...... ta t.M toll __ ....... ' l:SOO, 1000, 500, 
300, 100. 60, 30. 10, 6, 3, 1, 0.6, 0.3 8114 0.1 a1U .......... (l) t;,M 
.,tatlatS,.. t.mpulM ... ~t1ct&Ur .. ,...iod1ce.lll' ~ 'bJ' __ fit 
au elM\roaie c1l'cNltJ .. (4)" ~ 'MtVGeft s..,..lI. cu M 'WW 
tl'OiM 1 ~ '" ........ (1, S,ll. lOQO, ~ IIdllle...u) "b7 __ 
ot_~.lal. 
!be fNl'rent O\lt.put ot 'tile ceaeNtol" vu ~ by • bilbl)' 
1_ltlft, "u~ I"..!. Mtlu.a...ter with tull .cale 1"aaP6 O't "'00 
CONSTANT 
CURRENT 
IMPULSE 
STIMULATOR 
MULTI - RANGE 
MILLIAMMETER 
[J 
, 
-.'~ '. 
C, 
" 
FARADIC 
STIMULATOR 
F 
STI MUL A TING 
ELECTRODE 
.uJ 
~ 
-
GROUND STR A P 
l18 .. fttt. 1 cUt , • ,. 1aUl ...... ft6. 10 :a11JJ·,LPl~" • 
..... u.:r~o , . Vda~ 
( ,' ) 1',1 '_'1101 . 
a8 
.. ___ 01' t.Ddttf'elteAt. ~ eoaaln.i or .. dx 1aott. .-rip 
ot l'Irttas uSa .toM, ~t 1M. vl48, et!"a9pe4 cner the upper pm."t of the 
lq. .A pt.,. of Yet elwsob .11sb1;~ wl4R tba 'Ule"S'UtI Arip nperated 
tbe _Ul f:r'Ql!l tbe ak1rl of tu ental. 
A .~ltdllJll Mvl4). 'Wid coutl"UOt.ed. wllf.cl\ ~ tbe WMI o,f .. set. 
Gf .l.~~trod_ far ell tM el_tr04~t.lo _i_10M .. 
j.!kNt1H __ l:natlon .. 
.. ~tq tAe l"iW'ttlt" 
1'he _toIdeal uea to be e.uatned vu apt. tree of au 'b7 J"8PIIlte4 
eafthl.. or .. 4epUaWr.r ( .. Id.x~Uft of bUt_ su1tUe, flour, JiIO'!I'4end 
ou.'1e ~ aa1 telc lld.:n4 1n ~ ~lOU). 
ll\l net.nd.a tbe ~lt aa "--1T \1M .o.swtl"wlrt.eClWhldl coutste4 
or .......... :rd, 12 Sac .. wt.4e .., 16 be_ l.oaa.. witA Ii baek~, 14 1J:ion. 
1Oe4 ad S lM&n lllab, t .. ~ \.t1Wi_t. at; • r1t;bt ~ t.o it... !M ..... 1ft 
~1n. la abtctbed Sa ~ 2. M,Juata'ble e1u;t.lc ~ weft at-t.ubed \0. 
tM ~ to btn4 tbe I'08'tnl .. Ut*! posotlou of tbe t.ruak u4 tae cmk1e 
Jobt of tM b,1D4 1 .. mot ~ ...... t.toas. fte Bet .tt.:t .. to bold ·tlMI 
_lal !Sae. onto tlle bM~ uad. lI!l _ .. Jut. tIM ~~. 
fta 11* ..... ~1_".. ~1UH4 UJIOIl tIL ...,.nt.e \able. 
",. _11M ot , .. 11,.. llsb, .... plMa4 .. tid .. _la, .. r1ap4 by 
pcNt.a vht. poalttoD .. ven .. net.J"IId.lI t.be If.lib. AD a4Juat.able el.aMte ~ 
H~ tM aak1e JoUt.. Ia .. tllta t.able VU p:NI1tl0Da4 tA .ate t.be _!mal 
eaatone1e u4 "M tbea clM.Pei 'tiD tbe beH.it)0&r4 ..... 17" One table bid 
AREA 
ELECTRODE 
ELECTRODE HOLDER 
STIMULATING EL ECTRODE 
A DCft pl4e. 
'M bb.<l ~ 3~ lHtllJlit tq,. Jo . t-<\ _ atJl't . or al'llm 
B~. ~1r, 111' .~ .~ O~ tid" ~,. dd tb4. fret ~. ~. 'fI_ bel to 
30 
tM ~ '1' .. epUa elip. IO'tJ:t t.hI! .... SINlat.lQI aa4,ldl...up .lfi"t~ ..... 
1:1014 b. ~ rel.at.1oa tG tM _«18 ,." tbe f.utar led elee'~ bol4 ... 
UM4 1D S*7a1010l7 ~t_ .. 
t.. ~. 
"1"be .d_ls ..... PftJldl'ecl tv __ .'ll_ -,"",--11 daHriMd .. 
,.,. ""'1:.1.,. ~ of .... a\1alat.or .. ~ ~ .. ~ elMtl'04. 
aa4 ....... tt_ ."s-J.M.IDs e1eetJiOU .. poait1OM4 OWl' ta~:1a\ 
aN&. .. .1.b.,)nor .. 1M 'to 4elt ..... ~l .ts.-l_ ""tal ....... ,-
~ JOG a11l111JeeOlllide ucl .. tatel"ftll 'Mt.WHA atcUull of 1000 Idlliaevoa4a .. 
'&e ~t coatJOl .......... -"11 ...... llde ~ -..u.ttoa 4IOUlA 
.. .... dOIIIt1Me \lie .'bIulaUaa eleeV04e ~ .,. aut.e4 ali11lt17 to 
......... COIl"," aD4 ....... 1'1eJ4 • lawer ~ !"4IUiDl .. 
t.t,*, u:ttatMtol7 ...ut.t.ou .. __ ..ubliabe4 ( .. 'Uhllt tI\Nab-
old le'fe1, CGn'Mt elAc'VOe'ie pl._.u, ... ~cD1e eaIpol ... c:tOftnet.1oa), 
tile ~"""t.iaa""" tIM tIMa ..... Wttlltb. ~ '-'-. .'S.ult 
I't'Idauc at 1000 NUl ...... , \Jut 4»nIt.loa of t.he .u.11 ......... 
• \t~ ... t-lJ'. eo, 30, 10, 6, 3, 1, 0.6, 0., IDA O.1~. i*be tlanah-
014 'fIIl_ of awl" ~ \10 _~ tlw ~Dle ... ...,.~  ... 
t.l_ .. ~ .. few ... fit ___ ......... 1_ of at.1auU. 
'ftaa pl"""o .... ,..tto wtt1\ ~ II'ttlltalAt.1orJ .. ... 
~.i"". ... nbN1taa 1a'ten'al 41el .... Nt at ~ Jd.l.lJ.aeoaaU ..... ... 
4 ........... 4ul at 1500 ~.au proct. __ • c.wa ... .,......l.f .. ODd. 
~ vitil tour .~ ____ -...ell impala. 1'bcr li.S.a1tel C\ln"eDt ~ 
I ~ 
to 8tft a ~_tlt1e/ ...... bt ooat.IU,,,, .... 4et.eN1M4. .• ~ vu a cpa1." 
tovi.,. as G~ VM ;.... 'ftlla 8bcNl4 ...... poad ~. to the ~ 
~ ~ 10 _~ tIM ~-41.&nlu.o. nrwt. 1ha ~t. wu 
thea ~~ vatU 'a coatne'\tOQ .. obtaS., wheN 0'II'e.J' 15 pH' ewrto or tU 
atJtlIle h'lwlved a1AtatDOd a c~ .. 4urirc tale attN .. u4 ~ 
~. ~ wu ~ .. t.be c,"rnat "'q.\d.N4 tv ~l tet.uua 
coat.natloa. tae -'lu\ .~.., 41'ri<11a& \be Htiaw ....... t'Q' tile 
a~ t.vi.ch ~\lJliilAt (01' ~ •• ~)" ~ p1~o ........ 1o 
(-~). 
!O~~1M the ~~ of ats..tl.atas tM ~ wlu\ rapUl.J' 
applW ,,It'''tf.,t ve at.t.rI.uU, I'fNI4tap '<~ .... r tb.e ~ of OUtTIIIlt 
~ \0 ~ tint a twl~ ~tl_ aa4 ~ & wUJd. t". 
eGlRN.etl __ •• _ of ~ tol.1Aw~ ~ GOItI41'lona: ~t1oa 11!l1U1 ... 
........ bt,er.t-.ll ~ (~7 $00 c,.), ~1oa 1 all,li.eQOad, 
b~' ~ (~.,.l.6£ 0..-), ..." 4't1l'Uia l.ul1McJO.Q4, 
~ 12 atUlMeCill\lst (~71 cpa) • 
.. ,... to tant4le .t.~,t1_ .. o'b\~ \q .witch"", \be 
1arlUil~_ 1nto '\be atJ •• lattlAg clftult ... Ute eel"81&1aa lw ~ coU. 
,.. ~ Qoll QIo ~ toIfU'4 tM ~ ooU _ttl the e1eeUtoal 
outpft .l-t. ... _ tbt ~. 'to tv1WJl. !tie loeattoa fI4 tJd.a ---de,.,. 
0011, ..,. .... u oatlaetcn. -.q f1'GIl ita aoat. ~t._lpa:tt.lcm t.o the 
~ ~U. (0.0 .. iM .... ), ~ & ....... at tMutd 'VOl ..... 
Ji 
])e., 1MIlleot.ea dviD;l the .1Htl"04~1. proc~ ft" eat....." 
into Ii, "J*'1t&llr ~ __ ..... u.at v. kept. r. _It. ~1\~ A 
aJlNble'A abeet. 1M ~ lIJ, ....... l. 
1. Geaen1 ~14ent1OM. 
11e<tt.1'Oaf~ 18 \be l'OeonU,ag O't .~ ~ wlllclt. oocmr 
Sa ~ ... «le. A1J. '-'101" hom _Uta the .,lMl ~ lDDen'atel • 
J.ulp .~ ot .. ole t1be1"'ll ~ 1ta UOA c.r1ia4ar, ltbleb. 1M ... __ 
sp1u1 t,~0I"d; lq way at ·tlut ".,mroot, reaeh1c e4 fiR.rlag t.be l'4.Ma<Wt 'bodl' 
aa1 .~Wlll1 • ~ Jtmc\lea ria n~ 1'"1_ nerve b~~ __ • 'DIe 
~ .. all IIlUCle f~H ~te4 D7 'that ~ tOl"l't tM ltlolot~l.:t 
wd'l of ... l.e tuact;toa wbtdl 1& mled a !!IM!~. JI"ft 1IU~1ea1 ( .... ) 
IWMle t.a _ ~U:.lft .'.l.aae of a\lr:h ~ w1~. ~ all DO"'" 
eoadl\lou, a ~ ttlhel1 vlU '" f1J:;t.1va:\e4 it 1t ... _1 ... M ~. bola 
tM ~ Mrl"f0U8 .rn-., We)' of 'the 8)\OJ' Mn'O tiller u4 eIl4-plate. 
Or' ta. IIIlOtw _It IIiIII1 'be ~1 or ,tlJODt~al7 afJ'tl,.t.6d bf~al .. 
el.eetftttfll. v ~olot1ca1 dt~l to pn34uee In "lIlffJt.rloal na».aft. ~ 
oleot. .. 1MJ, .... ,poue .. ""anton I'Otu\Ul'" ., M ,If'.H4 up f'tOB t.be aut-i_tel 
.. $ ~ .leet~ lee41,q to _ .1eut~ 'KbJ.eJl 1a o~a of d,Q.-
p~ ... ~ ~ reopmlH. 
'ho BIlJOF ct'1teria 1a e*t1'Ol!qO~1~ __ 1_t,1o. uoel (1) 
A •••• U,"_ 1. the pu'Ui1Kcn or .4\1_ ~bla fit motor aiu, aDd (2) 
; 
.. 
J " 
~ 
. 
. 
ST EIJGTII= 
DlJlL\TI OH 
CURVE 
DATA 
.1 i\ 
RHEOB.\SE 
3 
I 
<---CH_RO_UA_X_IE_l _........-___ -&-_-.1_-+----1;...-1 I r-J:--- I 
,-- DISCONTIlIUITIBS T I I ----·~r-·-·-
i--Tf- IRE- , s-n"o-w ----n-----+---n---T-iJ-----T' c-r---+ ..~. '. -. SPIF:'!\.D ! I 
FARADIC • I r n--l·-~·-. 
RESFONSE -------iit--
CA ~fg~~ TE'l\'tlJUS -+-- +---i-r --. ';-1 T~---I·--~~~ II . 1 I II I I 
x ;} 
~ 
_ .~ ._L 1'A ..:.~ . 
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the pn.m.-,-:e t:II ttllrtllatlos ~~. In ~le Usordel"lS the »l'il1'::d.pal. 
csatribUtl_ ot tl.WJ\~ tI tbf.J d.t.et:tt_ of .~ ~Jtor Uldte. 
Fm-_t\~l.~ tblt .f.I.I'4I8 .... or lAw vo1~j okon "'la, "~~N1*lef' 
pOt.at.1ale ue ~tvtn14 of Get"kU ~tbl ... 
la ~e ~ft, tAe ~bal t.tO •• nlNt.1<mot ol~tro­
.~ U ,_ Mtoet1Qa _ ~1oA "brUla,* ~1ala. 'I'M 
~" .. AO ~l 0".- to ........ v..r aft .,.~ ~ ~ 
lIIMa ~ -..elA s.a at r.t. .. 
-&. PNtt«R ~t~ U 4~~~ 80 t.h., t..bti (01)'1:.1'01 gQ'Q or 
otmal>il -wtU ,povlO it ~aUl"e crt ~ ~~ter. or t;h0 _~a:t .taettoo 
pot~~.. ~ CQ.l8rl~.l ~\t" I:;Af lift1-.l. wW p~ l:ntor=t.ion. 
vbll.dle .. fl be e~~ 1/)1" cODt~.i;\ w.f.tJ:t t.M 'l~l" f1.n41Q&tJ .. 
2. tu ...... tat.toD • 
.. ~t.. oee-UJ7 for .. eleet~1e _bat lOA 
cou1at of: (1). pioblp e1eotm. (..ne tJPlt). (2) • ~~ eleet.ru4e, 
(3) a pn"lIIPllftw, (ll) _ .. auo ~ittel', (,)8o -~""ft7 oaolU_~t 
aa4 (6) • ~alArat.taa vat" (_ '1C'tJft 4). 
fte plcll ... ele~ VU ... 'b)' w.1"t,i.q ,. 10. Oa.l ... needle. 
P4ftUel taw • __ 'blnO. nn ...... le. ut.eA4 ~ t;~~ ...... tOl' 8 _ -.<t 8ft 
6 _~. Aft .. pnJer 01 .. :1,... tiM __ lea ... 41~ tate !j.n41o 
~t _1_ coaw the ._U_ .. ee:_ .. u iMulator. ~ \he .... .,. \1,. 
of tu ..u. ... an of tUUl.atiGa .... l.1rdt.tug tJ.w 4ll"M or plok ........ to 
that. &1'~ tU DM4lA t"",,, 
.lec~~~I* RIOimd 
.1ec:t;~ ' h . 
· ..... _,· ft'U', ~~_. ~ 
,~~s. _ ~ 
e ........... ··· ~CGpo 
... eutio 
',~AU,-HtNlO 'It.lf'l.mIIt CW~d -"IIf"' ...... '_ft. lJI" 1IlII' MbWi 
.O()" .. 0 , ..,..tttODll. '- ' . ' '. tJw •• _ 
_ ~ ~toJ!' 'tit ~l4 ;".... .. ~. 
CALl8. 
PI C KUr-
ELECTRODE 
AMPLlFIE.RS 
MA'-J. L 
osc. 
ELECTRODE 
AUDIO 
OUTPUT 
OSC I LLOS COPE. 
5WEE.P 
• 
v.1-. ~ 50' l1\l~1~ 'l~ 'l!iIllU.w..l: • hc,P.f# . bftl<m of 
CALIBRA TOR 
AUDIO 
OSCILLATOR 
SCREENE 
CAGE 
;ttoA iD 
~:..-==m-- OSCILLOSCOPE 
AMERA 
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1. Rout .... exasbat1oa. 
a. fn.JU"1Da \be ,*})It_ 
,.,. a .. d.lI'I&l, .u. ItlU 1a tile rea'\nl.1D;f.aa device .. tnmIItel'J'tl4 
to \1he ~ ____ tor "'. e1ect.~io __ :1_'1 ....... tbo 
• .,. ... ~ w1.ft .. at.t ...... to .... &1'OUIl4 elec1'.rode. a. "'lJOlu' .adle 
~ Veil ~ Iat.o tM _ole UIIder· ...... ' .... 
11; • PJrooe4t.Jre. 
ttl.Ul ... ~ i.a plMe, tile ...... WM eloM4 to ~q 
allle14 the ullal, and. t.M plo.,... electrode cuc.nd.t wu nl~ 1Ato \De 
el"t.~P'f.t.h Oeeatou1~ tol.l.owtac JMuttoa fit tiM .~ 1ato ttM 
__ 1 IlUeele, ___ .... 'tOl __ , .....u,. t,..,_, ia ut.1I.Pe, vnl.4 ...... 
TMJ' .~ .. Molt .... ...,. _-ir:t& U. •• 1_1 ....... weft _t.4encl to 
'be ...-l ,.tunl •• U'fl'7- BesS_iDa vi. tile "quiet" OJ' ..... ttnt.)' 
._te fiE tat ... le, "'loa ~J.als we" ......... 4 ..... vut_ cOJ:a4f.tloal 
of ~1e ,. ..... , \M~ h, 4tae \0 ~ effort b7 tM ulmal. .. 
tollwlae _._101 "ts..l.ett_ to f.n4uca rena nMlpQ8M. 
~1ap of tbe ~ WN ... __ ~ .... tbe oat1\oc1e-
wq .. ~ ...... wt\k • JOlu'o14 QMft 4U14 lfy __ of .... tlc tape 
~ (Wht. au .. tbe reoor4la1 of • c<mt.~ 8D4 .,,.l*OX1ately 
re~(d.'le ~)~ Wrltt_ notH went __ 4t.111.81 tM oOUnt. of the 
~t.l_ ~1" to U. ~ ........ ad IIOtII'Id. of tM onirm 
powatialAJ • 
F.~~. 
sa. of \be ........ a8I"YM with .lec~, 10 ,*"tcu1ar 
toM ~ of .JO.U~ ttWUlatl. }lO\eDt1al.8 iA 'YltWll i 4enoleDt. 
muae1e, ~ it 4Minble to tn ...... tt.te the alte Gtor~ for thea. e1l'eDta. 
Va.r1mIa ~ "en __ t.o ~ the Nap0D8e or i 4et1~.f.at ad der1enate4 
.. ~l_ u4 ~ ~ to _~ t11a IQUJ'C8 ot tM .~ poteat.!.ala 
1a • E 4aftc:1ut ~ RUe.1M. 
PNetlpi .. "U "llhllHeNd 1D\nIIJIIaoulull Sa ..... of 0., .. 
4·l 1\ahcH:unrUa (2OOug/kg), daC_tbOrltum aft sooo1tqlcllo11oe (100 .. 
~) were admlnutered. lrlt.ra .. __ ly tor tAftir ~una1 bleck-ina .tt.~t •• 
'!bea. an reported to es.eJ"t. t.belr .tteet. b" 4Uferent. ~1 .. of' aotloo: 
d~t\l't,oo'unr1De .. & ~ltl". bhiblto1" of aOft11chol1ne .. 4eo....n..hontum 
sad. IIvt!oitql ahOl1M .. 4epolArlzen of tM 4IlXCtt.able t.ww. 11811brue. Selltloa 
of t.U aotat.lc aene 11M 4cee u a .. $Cute NA1;pvlats.. 1a aa. of the vttam.tn I 
defioient ant.ala. 
1!be effect. of t.MM marUpWlttOll8 an ducribed. 1. utall 1n 
Chatter IIl~ AReaul"". 
~lona ot aleel.tal. .... 01. from tbe tl'blal1a anticus, gastrocDalus, 
Hcroapinalia, tluor and exteuor mwselell of tbe am, and ••• eter ..,.re uMe4 
for histological .tud.)'. Bou1.r& t II fluid tiuttcm, ~iD& tn paraffin em. 
39 
ttta1~ "tt.h u.wxylb end eosin eoatit\rt.e4 tM rotRlMly UH4 proee4 .... 
A .Uver .ta:1ni~ 'technique "M ut.lllM14 to., BIIOtor....r.td pla .. 8taltl1as. 
la ~le II there an 11ate4 tile roaJor groupa or nbblta u the1' WeN 
~ iatMa .x:peru.nt. ,. ..... of ~tta _.Jecteet to eacm .et of 
oonditt .. aa4 a bd.et 4eeortp'tlw of tbeN condltiou aft aleo t.ltJd.e<l. 
tmooP 
I 
II 
III 
IV 
TAILI II 
Oaotlftl or RADl'ftj WID II T1U: lXftftIleJlfAL 
l~ 
~ 
or 
ABlMAL3 IJISCIlPfIOI 
18 CoUnl. Vl'--iD I deficient 
41n pba Y1tub I (u al,Jtba ... 
tocopaerol) • 
30 IKperiMat.al. Ylt.a1a1rt I 
d..tiel_t dtet. 
17 OU<oa1c ~tlOD (stlateral). 
7 hetiDI tor aeute v.lIbt. loea. 
'fAIt!! III 
StNWff or TaR VARIOUS Ol\GlRVATIOlt) MAl'.B OJ 
Men GROUP Of AlIIMAtS 
KLlC"tAOllIAalOftIC 
~mRIA 
A.~. 
:8.. at~·""ttf'll'l C\tJ"YMO' 
e" Cbrouxie. 
D. Qal vole Tet.aau. !lat10" 
i •• petitt'N sttaulJ.O' 
/ 
~nArIIC 
eR12IUA 
I. ~col06ic PNCetl1U"M; 
1. MldA1atrat.lon or a. ... t'Ubocvv1De. 
!" ~1stn.t1oa 01 auoctzQrlcboU .• " 
) • .A4tdl11atratloD. or ~tbord._. 
4. AdrdaS.,,..tloa or proetlst1ae. 
1. ~.e~. 
1br: ulmale se1Aed 5 to 8 pel" eat 1D t.otal ~ wetgbt 4~ tbe 
tint. t.~o ww" oa the up8l"iMmtal filet, with no ap'pnd .• ble ptn tiuri.Dg t.he 
tbl:td. week. A:tter tbl. t1M tMN W8. a wei .. t lou patten wJUcb vae the ... 
tor aoti tRd.lvld.\l(Al _s-l but whleb "orled 1ft tl_ of 04.:tCU.I".1"eDOe. In the 
time of 4Mth ",ae caloulatH to be ttbou\ 20 )l8r cat. of t.be t.otal 'body v.1gbt 
de"~ tift 4.ap prior to <tatH. A plot or the .. ~ "e1gDt <t~e. 18 
pr __ t84 1.71ctIn 19. 
h. ftqsleal .,..,toma. 
The acmt.e' atage ot t.be 4etlct.UCT luted two to au c1qa am4 tendut.e'J. 
in dM'th. Aa lAtttal ph,y'alcal tlmt~ .., .. tAo ... with vhlch the rabbit. 
nO\W1 'be la1a GO tl1.elr .1dee, aa4 tub slow ... _ te r1ptiDg. The antmala "re 
rea4U-t puhed ott tb&tr teet, t ... 1'8pinlriG an u,prlsht. prmlt.101l ~re able to 
do 110 onl¥ .ftc' • violent etton.. ~kMae of tbe aut.-.ls ~ 'pl'OGtl'1lt.e4 for 
.everal 4QIJ before daatIl. 
rJurlAl tile acute ata .. the ul .. 10 4ld not partake f;t food. a,ppa~ 
\>eea_. tbe7 eou1tl DOt ..... tbe t .. aDd water bowla. I~ the aa1Ml.a ven 
nlVtWOWJ ... ted. • waterect ...... 1_ otthe cU.. .. 11141v14ua1 lddma1 f • 
_1.~ .00\114 be pJ'Otracta4 ~ WQw '7 hcmd tMtilas u l.ean1ed f'r'Om " 
pl'iv uper1n1181lt .. 
'!'be .. t 8tr1&1Dg te.tUN of the utlc1Eo7 " tbe ....... atl"Opi'q of 
tbe lIluletal INacultRve pna_t 10, au are •• : ru .. ; back ~ extnmlttlea. 
e" AU'tOpa,. tta4t,. .. 
,.. ake1et.alllUHUlat. . ~ atroplc, pal.e, aM ~8h in 
color. ~ u4 pel"tt'.ollMl _111OM 'ha. weft aMadet, whtell woul.4 
teD4 to bdloat.e that. tlte welabt loa" wu _l.rIIoIt eat1nl1 at tiM ~ of the 
alteletal aweulatUN. Do .tpinout. c~ wen ~ 1. tbtt ut.emal 
O~i Liver', .plea, ~,. ... n-~ cla.u, .-!talta, aa4 CUtro-
l~ttul. t1"8f:t. 
Aa.s..la OIl t.Mt CGIltrol 41et, Wbicb oul.7 dlttend tna the experl .. 
meatal .tiel; b;,y tbe 11441\108 of algba ... tocopMrol, exhlhlM4 DOlle ot t.he ve1ktnt 
c:baDgM or ~lcal .~,... (~'" .t~) OJ" 8't.It.0J87 t1Mlaia deserl'be1:l 
tor 'tU: u;pertMatal _1-.11. 
2. lut.olos:r. 
tiatoloatcal pre,.,..,tlou were ade of t.he skeletal mwaelea of 
vlta1ll E «eficl_t ... '-'1t.. ProlII1MrAt t1Ddmp "re: 
a. lat.ect MN~ with ~rat1oa of tJle cOIltata (Hyal1ne 
4e __ rr.tlol1) .. 
"3 
b. 8wellbc ot tot» ~ of ~1 .. o'l btt1vi4ual Dacle men 
ana i.D.tentlt1a1 .... 
o. 1..oM ot atriati_. 
4.. Appuat wnaae b ~ of nreoll1RlIIal awlet. 
e. ~. tan.lt~. 
t.. Protd ..... 0'1 0 ... ,1 ... titte ........... a.18\at or d.~rat~ 
.. ale tlben. 
g.. VeeuoU_Uoa. 
'I'M ~ n .. s_ ........... , vi'" Ute ftPDI"U _ Ilt8telocleal 
ebUpa ~ \J7 .f1."tJ'ri-- la...ns.t.on. 
~e~ or ,_ t. .... w .......... an PNMllteci Sa nguro 6 
aJ:l4 1. 
,mtma () 
afOMtDnt'»Mm W ~AL ,~ " , atf'51 (ttiU:JU.-ln AftIO ) 
( ' Ii aO DIft ., V:UM1 _to _" lWmrr 00. 
A .. ,. A'be1'1"8Gt a:t. t. 111 ' .t1I>th 
:a ...... A~ 1ar coanocti, ' 'tu. I 11b1"Oblea lWelel,; lnt,enti tal. 
.6.Ima. 
c...... " 'em<:. of C'~tl_ t1M ... 
I) .... ~I" wu1e:tao'" 1t,uefl.ottoR ' ' ___ 1'.,;11 ~b ' lftua • 
...... drQular 4e ' rllt1on t toperl tiber. 
...... Area~. ' ar~ . " t1, " . 
:I... " ' ",Qla.- 4q~:t.S-
1. ~ ... 
~. val .. of tbe tllJ1al.U _t.ieua I!IIIIfjOlM ot control, vtt.e."I1n 
uf1ci." daerwt.te4 IUI4 tute4 _1118l.a wen a~ ~ eMb of tbeae 8J"OU 
.. to ~ of IMUIVnran't aD4 .fIIft ~ ta TABI.JlS IV, V, aD4 VI nepeottve 
!be glot.til of tbeM VUUIh an ~ ill J'mtN 8. 
2. a~-4w: .... tlOD~. 
a. V1tamin I detlcleae,.. 
(1) Coatrol nbblta. 
A ~ or au n .. tta WM mtdatatMd tor ooatrol ~ aDd tlseee 
rab'btu were -.1faed. OD tM lni, 9tJl, l8tIJl, 28tb, awl ~ d.a18 .~ _terbs 
tee ~'-.t. Vi'tu.tu I u ~ t.oeopberol vu prueat 1& their diet. nata, 
tor 'Ule .t~-4\l"'tl_ 0Ul"VW wen ObtaiM4 fl'oI;a tAe _tenor tlblal mueclu 
OIl 1MntA .u.. .f ~b _il.l. t\fo ovvea tor _ .. C!ODt.l'Ol "" Ulue ObtatMd 
OD -..ca ~aatl_ dJrq. AI; then 'ftN six u1mala, tld,8 81ft • total of 
twel_ ....,.. tor each -.-1,.tl_ da.r. All tbeM data wen eoIlVwte4 to t.l'u"U-
bolA ratio V1a1uu. 1.41'ler1 ~l"e4 at.t1lttlHl17, fiO 4U·t~ v_ tCVDIl bet 
tM eurJU of aniM1. on • pu:"ticu1ar uamS_tion ..,. •• "tvea the CUl""tH 
ma4e _ ditto""'t da7S. !lwntton aU tIlnabol4 ftt10 val .. tor a partieular 
<1un:tlOft Of nillulua wen ~iH' M4 .w~. !ll1a pve a a1D3le curve with 
ea9plMte(; .1ura,1_ Mbs '*- ...... fd atxt,. ftla4iag: (two 114M x ab. 
0.1_1. ~ 11\', .... t.titJa daya) .. 1fb.Me av.nae4 tAreab014 ratiO val ... are 
talNlate4 1. 'til!')l. VII wbile tbe c~tte curve 18 ,lott.e(! ta ~ 9. 
C~J~1~ 
~;\N1J~\LS 
AYer. S ••• 
(60 sl~) 
+ 0.84 ... 15 
A"Ier. S.D. 
(30 as'-) 
+ 
0.81 "" .18 
TABt.E IV 
mmrJMR II VrfMII I lDICIUCr 
(tclLL1ANPDtD ) 
IX1'I.IDSJIIfAL UIMALS 
l.'fa7aCAD1. 
Seri ... I Sertes II sel'Ha IU Sertea IV 
1 ..... ..,. 8-U dQ8 11-18 .,.. 20 f;laJIJ 
AYer. S.». A.,... S.D. Aver. S.D. . .... S.D. 
(~ a14M) (24 aU_) (14 ald.' (11+ at.) 
+ + + + 0.78 .... 15 0.87 ... 13 o.n. .... 19 0.84 .... 09 
~v 
~ IN CDOIIC ~ATml' 
(MW,~) 
1 dq P.O. ,.. ti.ap P .. O. S Up P.o. 18 4a.ra P .. 0-
Aver. S.D. Aver. s.,. Awl'. S.D. Aver. S.D. 
(6 aJ. . ) (6 aJ.4oe) (6 a1d.a) (6814M) 
+ + + + 0.86 - .22 0.87 ... 32 0.36 ... 16 0.23 .. .09 
COi!ROL 
(04e1a) 
Aver. I.D. AVfIfI't'. 8.D. Aver. S .. D. 
(14 a1du) (1' ataa) (6 at48) 
+ + + 0.86 .... 13 0:" .... 15 0.81 ... 10 
Serle. V 
23 da)"S 
A.,.r. S.b. 
(6 sides) 
+ 0.42 .. ..09 
JO claya P.Q. 
Aver. S.D. 
(6 s14ee) 
+ 0.16 ... .05 
1.0 
0 .9 
0 .6 
iii 
UJ 0.7 
a: 
UJ 
Q. 
~ 0 .6 
<I 
::::i 
...J 
::f 0 .5 
UJ 0 .4 VI 
<I 
CD 
0 0 .3 UJ 
r 
a: 
0 .2 
0.1 
0 
· , btl: ~e t 
~. . 
_,0- -_ ___ ~ ____ ---O-;-i----o- __ --- ---- _O 
-o---- :-X / 
• ' ~- - ---"--- ' .-. VITAMIN E DEFICIENCY 
• 0----0 CONTROL 
5 10 
". 
~-. DENERVATION 
*-_ .x. FASTING 
A ______ • " 
15 20 25 30 
TIME (DAYS) 
I 
da'Ui.. P.e-.d11tP obtaIned ~ t.M uam1u:t.1cu _ ,tu lJtt t,(, t.U t.u. 4Q'IJ wen 
avet'a~ t~ p:rortda Oi.lO complete .'V'eft88 .trecsth-dt.tnltlon (tun.wllten repre .. 
aer.rt.e<l tAl! Mbavlor ot the ~t" 1a tal. perIo4 t7:(D tbe let ~ tM 4th 
dIq.. 'tl\ct' ute fm" tM __ IIId._1.lcml M4e on tiw 8th to t.he llth 4q'a were alao 
avenged. 8IIi4 'H1N1.ted to gl:" a ft~.a.tatt .. ave ... ae .t.~~t1on 
cvrve 1'Or' till. perl04 1'I'om the 8th t.~ tb.o lltA day.. 'ftuI ... I"OUtbe va 
to~ 1~ tU badUq of t.M 4ata f'rom u_iaa:t1 .. _48 Sa \U 1"Tta ui 
lAb d,qa. 
After the lkl 4a; tlM 'fU'UBce 'bet .... Nbbtta taeNaHt:t 80 tobat. 
oul7 \be exud_t.lou ... \IpOB • stac1e dI!J.r c<N14 U loB1eal..17 ~ to-
&ethel'. n.U7 tJw 41ft....,. bert ...... t.b:Nahol4 I'&tlos f10r tJle van .. n"b" 
bit. Me .. "ar-t. that , .. 'tlIUJ ,~ ~ ... 1qtul t.c • ..,..... .., of the 
data fr. 41ff.,-.t. nbblta att.er the 23ft dq. 'be.~ c .... and the 
t'!urte of' _ b41v14ual ,..,.....ta"tlve rabbit. tor a la'ter day an tabulat.t 1a 
'l8hlfl \fII D4 are plotted u npre 9. 
III QllnU~ ue Wlr~ IOf ~" uta lael\14e4 1a IlUQ' ~tq, 'tile 
CritertOfi v_ the vuiuce or 1;.. ~bo14'· ... t:lol ~ 'bT tJw n'b\Jite to t.b.e 
n1Jm.alua taavillg • 4\U'Il;tStm ot 0.1 rdl1t •• ~. !be If .• t or ~11WC" vu U 
follow.: 
~t. D1n 
Serta tIap VViUM 
I 1 to 4 .119 
II 8 to u .819 
III 11 to 18 1'49£) 
" 
~ .9')2 
" 
23 1 .. "16 
't~ VII 
~ ... lUtM'IOIi trNfA OJ' 
V~ J DD"ICnmcy 
(~U; nATIOS) 
COJl;fP.OL 
IdflWAJ.a nPDnmtlAL~ 
~-~ 
Ilw'atlOfi ~1_ I $arl.. II hrl. III ~lV sen_ V 
(MUll ... 1.J. De,.. 8-U~ 17 ... 18 ~ 20 1lIqa 2l~ 
~.) 't .Jl.Aftr" f.R. Awr. T .. it. Aftf'. '1.H. ","/tar. 'I' .. R .. Aft';. T.R .. AftI'. 
(60 .14_> (~ .14.) (~ .ides) (1. aldu) (lJt .1 .... ) (6814M) 
300 1 .. 00 1.00 1.00 1.00 1.00 1.00 
100 1.00 1.00 1.(iO 1.00 1 .. 00 1.00 
60 1.00 1.00 1.00 1.01 1.01 1.00 
'$) 1.00 1.00 1.00 1.08 1.06 1.10 
10 l~Ol 1.01 1·°3 1.1, 1.2) 1.61 
;.6 1.U 1.12 ), .. 14 ,1 .. 12 1.~9 1 .. 96 
y . 
1 1.28 1.·30 l<j~i 1.51 1 .. 81 2.'5 
" 
1 1.;4 1.S~ 1· ~ ... 1.e. a.u 3.)6 
0 .. 6 1.1'9 1.81 1.65 2.13 2.48 ".11 
0.) 2.32 2.11 2.31 a.83 ).08 , .. 14 
1:1.1 3.60 ;.;.80 ,.69 ".68 ~.85 e.~ 
9 
8 
m 7 
< 
CD 
o 
' 1&.1 
:I: ,6 
' .-z 
1&.1 
0:: 
' 0:: 
::::> 5 
u 
o 
.-
< 
0:: 4 
o 
...J 
o 
:I: 
U) 
1&.1 3 
0:: 
:I: 
.-
2 
I 
-' 
_3 
)(--l( 
A--6. 
e-e 
a-a 
.--. 
0--0 
0----0 
26 DAYS (SURVIVING ANIMAL) 
23 DAYS ( 6SIDES) 
20 DAYS (14SIDES) 
17-18 DAYS (I~SIDES) 
-~ -II" DAYS (24~DES) 
1-4 DAYS (24SIDES) 
CONtROLS (60SIDES) 
_6 I 3 5.5 10 30 60 
DURATION OF STIMULUS (MILLISECONDS) 
(1) ContJ'Ol .14 • ., 
eowt:Wer1as the ~ OJ" .. trol siC. tlftlt, all au va.l\lfN of 
tllreshold ratio tor .. en 4unt,1oa Of' .'bul_, oa tile tint 4cq'. fl\I:P.1ut1oas, 
vent a'MNpd,. 'f.hetr _.adard deviation .... ~te4 MId~. 'fbi.lIu 
40ae tor all of the reapactt .... at.lIsU _04 u4 \be a~ were (leaned to 
ton one o~lte .t~-4una,itlOD cu.ne tor all eta r .... 1t. tor the fiNt 
487. ,. tM dqa veat b¥ Gad the ~ ___ "1 .. were lIai\e, t.he _ .. 
~ .. ..,..t.«l u4 tQe ftliultll\J ~ " .. ~.. It vas 8~ 
at tbe 01 __ or the periQda of -..at_tt .. tAla, tM rea4'- tor t.he ., .. ecdJ,"lc 
a.,. ...... MDt.t&ll.)" aln. D4 t.Nd; \bq could. be .~. J"oI" tJ:iat rea_ 
all ~ the data N8\1ltlDg from t.he QPl1utlO11 of • 31". flt1.malu to .. ~1t. .. 
of tU ~1t. 4'1U'1D& tbe pv104 or IIt_ wen ~ atI4 U. .taDdart1 
4evlatt_ wu ~. bY' the lQf;&g 1SIItbc4. t'fteM a~ lIN tabulate4 1a 
!ale YIIl "'r the .... 1q,·eoa'hl"Ol 81u" .. ".. ~rep:ree_tl .. the •• 
data .. l:tee» plott.ecl ta ~ 10. 
(2) ~.14ft. 
Co,ul4wba the ~_ri. 8t~ ot 'tJ'.Mt :ral,id:te, ~ wen ex.toa ... 
tioa _ tile tint JOfIt-opt"'t.1_ 4a,y (Wi alao 011 U. tOllU'th, oish', .1gb-
t.Hata ... ~lnl.th ..,.. file ab; ~1d. ,.1_ tor .. _ aratlcm or 
It1m:W.u, oa .. PWill daJ, were .~ &ad tbe •. t......,. de\'1atloD of the 
~ -_ c~.. IJ.'bue an ~'*" .. ~le Vttl tor .HQ __ tnat1oe. 
'lhe ttvea:venp 0""'" an ,lot.te4 U rs."... 10. 
'fMLli! YIn 
S1'P~ ... bt:JRA"mJI DA7!A, 0'1 CBOlfrc ~V~IOB 
COI'J.'ROL ~Id'!l) SD:Ii: 
SInE 
~ After 1UervatlM 
1 »at it ~ 8 tia1a 18 ~. 30 Days 
?R. T.fl. T.R. T.R. 'f.n. T.R. 
Aver .. S.D. AWl". S.D. Awl'. £ .. 11. Aver. S .. }) .. /;..'110'1:'. ~~.. "'*"" ~ .. "i). Aver. S.D. 
(jO .idee) (6 e14ea) (6 sleea) (6 flUes} (6 tdA.) (6 aidIN) 
300 1.0'-J 1.00 1.O(i 1.00 1 .. 00 1.00 
100 1.00 1.00 1.00 1.01 1 .. 02 1 .. 05 
60 1 .• 00 1.00 1.01 1 .. 14 ! 0.12 1.13 ~ .G''J! 1.26 ~ .11'9 
JO 1.01 1.00 1.U ,,. .091 l.~l + .2141 1~54 + ,-. 2.!JO + .jl8 
- - -
..... 
-
Daft~t.. 10 1.OT 1 .. 03 1.t;i2 ! ,,456 3 .. 1.8 + • "fIi6 j.(j;) ! .~ '.48 • .~2 (JlUU .. - -
~) 6 1.18 t. .216 1 .. 13 ! .095 2." ! • 69ft 4 .. 98 ! 1.65 5.47 ! 1 .. 58 1 .. 22 ! 1.51 
) 1,,31 ! .. 258 1.26 ! .l29 3 .. 05 ! 1 .. ~:J2 9·09 ! 1.1l 9.91 ! ,.02 12.6 + .- 09 
- j. 
1 1.50 ! ..2')0 "...,. 4. _ .. 189 5.a9 ! 2 .. 21 20 .. - ! 10.1 24.1i ! 1.51 31.9 ! 7·91"l 
0.6 1.69 + ,,342 1 .. 72 ! .. 216 1.13! .h~ jO.1 + 16.9 51.2 + 12 .. 9 46 .. 0 + 12., 
- - - -0.3 2.10 + .459 2.12 + .359 U .. 3 + ,.85 51.8 ! ,32., 62., ! 22.9 83.3 + 2J.~ 
- -
,-
-
0.1 3·21 ! .6J? .h39! .615 22.,i~ ! 1' .. 1 101 ! 19.8 1" + fj~ , _ ·'-:;.9 199 ! 59 .. 1 
T. R. (~ld ft4t.t.) 
S.D. (S~ n~It"i1AU,OD ) V> 
.... 
• 
9 
8 
UJ 
In 
4.7 
m 
o 
UJ 
:I: 
O::s ~ 
z 
UJ 
0:: 
0:: 
::>5 
u 
o 
I-
4.4 
0:: 
a 
...J 
o 
~3 
UJ 
0:: 
:I: 
I-
2 
I 
.1 
' )f--x 30 0 AY S (SSIOES) 
6-£:..18 
e---e 8 
e-e 4 
__ e . 1 DAY 
0---0 CONTROL (30 SIDES) 
~ . 
-----..----------
. ---- -~ 
.3 .S 3 5.5 10 30 SO 
DURATION OF STIMULUS (MILLISECONDS) 
to I'u"u"n_ ".~~:.,. n ... , ~ be! 
10v In a:alor1 
100 ' 
" 
valve ...... t.lall7 ~o14 of 'tNlk. Ia keQ1r.te wlt.h the 4.e1ltp 0' tbe 
-J*'l-~, tIlet:t~tto ~1oa wu ma4e QQ tJle'tlb1at1a ut.1C'UG 
... la _ tJa 4q the __ 18 eatve4 toto the _,..~ u4 a38in vbea tM 
dail"eQ tUJ4"',olnt., l.ofuI of apprOlld._te17 ao per out. or io! tit'll total l.lod.y 
we1&B\, va ,..,ebe4. T'AU oc~ an .. ala 4a1a. ~"VR _:blah were 
U!1&iIdMd. 'bUat,era1l7 vbl<th • .,. VttNJ'ftS 1a all tor tAe Wt.lal. __ tnatlOft 
ad l~ CW!'VM for tbe end-potAt. ... l_t.l_. '1'beoe ata weN coavert.ed to 
~l.d ratloe and. wre the ., ... rap4 tor eaco ett1lUl.ue dt.&n\tlOD aiyIAS on. 
~tt. mave tor ... 487. 
~ ulmala veft kept; _ tllta ..,.,lMat for u additional ab: 
d4l)'8 tor • total of toun_1l ~ Oft the tMttaa diet .. Th .. ~te4 01tV 
tvice tb.e t:I.M dv1. ftiQ the \tit$eic '" 4er1cttmt a:1wala e.a1lt1te4 their 
_ll1t;\ lOa... The.~ "~t. 1 •• of t.l\e tut1 ___ la vaa l! ,per cent 0 
\be Wt.lat ~ velab' after ~ ...,.. 
AU t.be C~ vlt. .. tllet,. .,saocS.teIl ..... I'd tlevW10u aN 1%1 
Tale n .. !heM ~ WI'O aot. alplt1cu\lJ' 41rte..-t. f1'oom t!a.e Vlt.u1n , 
Codrol .~1.W'd1oD QUrftt (~ft 9), bailee tbq weft DOt plott.e4. 
3. Q~. 
~1. ftluett, 1a au __ ea, ..,... ~ ~ the plotted 
8~-4 ... tion CUJ"'fU •• :v1.ai: ob~ the oh~. v.las lu thi. '~r. 
the val .. of • ",,",lcular group of __ la tor • ~teul.u fJJq lieN c .. 1Md. 
u4 tile a\fVIIP valu.ea~. '1'M .tllltAard tkYtatlcma Of' theM ovenap 
val .. nft' tbR uts..M4. 
lAtfttt1<m 
(MillS ... 
•• o~) 
100 
10 
6 
1 
1 
'fA.'lltl IX 
~-DtaAn01f DA'lA OP 
FAS'l"Im S'l'tM' 
('1.!!IIMOY..D nM'IO£l) 
1.00 
1.00 
1.00 
1.00 
1 .. 00 
1.08 
& ..:0 • 
6 + 1. 5 _ .21Q 
1.60 ! .:t01 
2.20 !: .416 
1.00 
1.00 
1.00 
1.00 
1.00 
3. I). (St~ tlovSat.lon) 
IateJ"Val ", ... ntRdl a1.,. lCXlO _U1M~. 
1 .. 00 
1 .. 00 
1.(10 
1.10 
S.D. 
l.~ + ,,1"3 
-
II 
10 
9 
-(I) 8 
Q 
Z 
8 7 
I&J 
(I) 
~6 
~ 
1&J5 
)( 
:4 
o 
It: 
~ 3 
u 
2 
'l'l'tillin. U . "plot, of t 
WtAtat _s.~ ~ 
UPPER LIMIT 30.5 MS. IT 10.2 MS. 
,., 
Vtt~ '. D'li 'UQ..Y' 
Bt.utlV ( . itol"Ol 
e----4 DENERVATION 
c>--o CONTROL 
.-... VITAMIN E DEFICIENCY 
6- -~ CONTROL 
~-O- -- - -:(F'----- ---- --::.-~ .:..-=-=:.:.--=-.:=-=--.: __ -tL __ -~~ . 
°0~-----5~----~10~----~15~----~2~0----~2~5----~3~0----~35' 
TIME (DAYS) 
'fA'Jl..i~ X 
caRO..uD OF 'In,.!. E W'IClEJC'r 
()lllJ:.:mJ;COtOlS ) 
jkXj~Ji~ Mi~) 
~. on Diet 
tler1ell II Ser1es III 3er1u IV Series V 
8 ... 11 ~ 17 ... 1.8 ba,fG ~ ~ 23 r~ 
A,,\lu". 8.13. Aver. S.D. Aftr. I.I). Aver. S.D. Aver. S.il. Aver. S.D. 
(60 .14ft> (24 814 .. ) (~sU .. ) (14 Illldu) (14 .idea) (681dea) 
• .a.6/.t .. ,,151 ."78 + .111 ."-9 _+ .175 1.12 +.529 1.89 .. 1 • .t9 ;.'5" 1.05 
... .. ~.. .. .
~ 
ftJUj,XI 
amOll.UUOF CDomc ~A'flOl 
(MllJ.l:l1CORlJ3 ) 
~~.IM8 .:I'f'.RVA.TIl) Sll:&~ 
Vl75 After DlDenat10A 
1 nay P.O. 4. ~ P.O. 8 ~ P.o. 15 ~ P.o. 30 ~ P.o. 
AWlI:'. I.II. Aftr. $.D. Awr. S.D. A'flII'r4o a.D. A,ver. S.ll. Aver. $.1). 
(30 IIi .. ) (6 aU.) (6814e.) (6 814.) (6.14M) (6 8idea) 
• .$49 ! .155 .}82! .,.80 T.l5! 2.60 2O.,! ,.06 2j.8! 7.14 )O.'! 5.~' 
TA&i Xlt 
CIBOIAxm II 'MIllO 
(mu.I~) 
COlt'ltOL 6 llq8 1;' .~ (0 1lIIqa) ~_ r..t 
Aver. s.n. Awl". S .. D. Aver. S.D. 
(14 .u.) (lit allea) (6 .u..) 
10 
" 
............. E249 (E'247, E250) 
0--0 E 2 5 I ( E 246, E 2 48 ) 
_ 8 ~ E241 (Y 40, E2'~, E2.43) 
! l(-X E244 
~ ~E245 
U 
Ia.I 
(I) 6 
~ 
~ 
~ 
-Ia.I 
)( 
C 
z 
o 
a: 
% 
U 
4 
2 
o~~~~----~------~----~ ____ ~ ______ ~ ____ ~ ____ ~ 
o 5 10 20 
TIME (DAYS) 
• Ii 
~~ . :1 
~htid til (1) ~.lc~1bI ~ ratIo m ... "",," 
.~ 
.t~tc:ut dttteftO. 
30 40 
(~ 
\be Nl10e VlU'e cOllt.lM4 uti .~. ... uta tor tlw part.l£Nlar ~ of 
eal.1IIIIfla an ,,~ 1a '" toUovla8 tebl.ea aa4 ,~: '1~ I S~ 
(~.)l u4 ~tal. Ms.-J.a) fal;lo XIII., PS.pn 13J ~ DIaer_tloD 
~ (o.U'ol aM Draerlatecl .'fIu) 'rUle XIV t J'1&ve ill aft4 tJM Faati»a 
:3tuq,,..18 xv ......... tM __ rr- tM PMtbg $~", .... t1Gl.lJ' 
.'.U .• te \lMt '11 .... I OoMJIOl _s..l.a. (rtaun 13) tar"tift aot. plot,te4. 
,. .l:,.;..o _ ;.- "-10. 
". plvaa1c ~ nt-loa (cMbOd.l) wen *~ by 4lvWrc tM 
CVJ'm ~ tw o ...... 61 .... ~. b¥'" ... ..., ........ * M 
e~ t.wt'kall ~toa ( ...... ). 'l!beH 4Da ~ tMa .... 1..M4 .. to 
JIU't~ ......... , ...,. ... ~t.aular .w..l ..., Uitl ... ~. 
Stud ... .."..,.s.a. vue ..... W '" the 1oat~. All w. _t. aft 
~ bl ~ taUoviai ta1.:N.lar .. tSclat~ .1 .... 1&...,. (CODVel aM 
~s...tal Aoiala) T8la XYIJ ~ :o.w.u. ~ (c.tI'Ol ad.,..,. 
--.a1 It.) 'I81e nu aa4 \be PaI,tee S,uq. Tale mIl. .. de'" fI'OIi 
* ~ .... ~Wl '" ftaun 14. 
6. JUa4ie .,SIau1&ttoa • 
. ~bp of elc.el.e\el -..elAt ... ,... to tan41. ets-lnioD .... 
obtabct4. .. CeMri'M4 fa ".\erial, ad. ~" • 
• ~ ta tne Of ........ or III ~ \10 the tan4tc 
fftUulattoe r.va4 tor tat tol.l.oII.IaI .... orr _t..le:. vtu.s.a B CODt.Nle, 
vlt.IJdA S ........ ta1a.. U. -'J'Ol .. s_ of tb.e ....... 10_ alall, u4 'tile 
t.nUl _bala. All 1"M~ Vita. .~ ooil -. at U.o ... s.et.en. 
F'B-
~'UUC! 
~ 
".tiI'I'U&" u 
-....-
~XIII 
~rrNl SfDllLAnOl D Vl'lAMD B IOICtBICT 
(~I~) 
~~AL AJIIML;l 
___ m..t 
ser1ea I 
1 .... ..,. 
Sert. n _1""- III ~ IV ~ v 
8-U ~ 11-18 Ilrqs 20 ~ 23 ~ 
A.,... a.D. 
(60 au.) 
500 q8 1 .. 1t8 t .100 
l.66... l.~! .SU 
+ T1 qIIIJ 1 .. ;. .... 501 
AVtIIr.. 8.D. 
Caa. at46) 
1 .. 61 t .lUl8 
. ... 1.b2 ... • 310 
1.61 ! .362 
Aver. a.D. 
(~ .ltI.l 
1.61 t .. 281 
1. .. 5$ ! .283 
1.62 ! .lO8 
TAJIU; XlV 
A'WIiI:. i.D. 
(11J .w.e.) 
1 .. 82 t .. 391 
1.12 !.lt12 
1.8) ! .. lI51 
Aver.. S.D" 
(1~ 814ft' 
1 .. 80 t .328 
... M .. 1·13 .... ~9 
1.18 ! ."3 
Awl". S.Ii. 
(6 llJAea.) 
2 .. 66 ! .003 
2 .. ;4 ! l.l~ 
... 600 
... .. 
~l'tl"r& SfDl.1l..lTIOIf llf CWtOUC ~Mmu 
(~~ms) 
Jmt-
~ 
COltfttQt. 
SDtt:S 
~1MPfAL 8ll£S 
~ U~ n.ael"Ntf_ 
lDv-P.o. 4 f)e7S P.O. 
A:.... S.D. Aver.. S.D. AYfIr. a.i}. 
(20 .14ea) (6 61f.les) (6 atAu) 
50() cps 1.6)! .--1.8 1,,~1!.501 1.t .. 6j! 2 .. 32 
.. r .»l + N, L ::111,'" 1 • ..,.., • Ai. 166 cpa 1.,1V'" ~ l .. .ri' - .iliff 3.'».1 • ..,.. 
T7 cps l .. rf ~ .~6 1.'\)! .497 4.26 ~2,,51 
8 Dap P.o. 1J.~ ~~ ·0. 
Aver. S.D. Aver ... S.D. A",er. a.D. 
(6 8'-.) (6 .1~) (6 sl4ea) 
7.26!~.69 6.18:2.55 l!).:r! 1.19 
8.50 ! 19_4 1~.9! ~ .. 79 2'J.5! i& .. llt 
.. + 0, n +..:-: "'''f~+8 16.1 .... 22.0 l" ... ~l .. ~;).11 23.4 ... ..92 
s. D. (St.aD4al"d ~"Y1et1_) 
~--, 
f!: 
rRlQtJJlI:r 
500 * 
166 cpt 
11 cpa 
mu'lfn'~ frf~IOJ II FJ\3rDG 
(~'UIOIJ) StATtoa} 
IXmwmrrAL U:DI\l,S 
COImlO1. ~ on Put 
6 ntJII lit nrq. 
Avel". ..t.t) .. AYer. S.D. Ave.".. 2 .. 1). 
(14 .1dd) (l~ 814ft) (6 .1~) 
1.42 ! • i!ll + 1.52 .. .27a 1.4j ! .,52 
1.29 + .. l~5 1.41 + .158 1.33 + t~'9 ... ~, 
.. .. • 
+ ~ 1.40 ! .1S. 1.J' ! .483 1.2';~ ... . . . 
DENERVATED 
25 0---0 77 CPS 
-
.... 
en 15 
L&J 
> 
.... 
.... 
L&J 
n. 
L&J 
a: 
o 10 
.... 
.<t 
a: 
C 
~ 
o 
~ 
en 5 
L&J 
a: 
6- --A 166 CPS 
)f--~ 500 CPS 
VITAMIN E DEFICIENT 
0---0 77 CPS 
~ 166CPS 
+-+ 500CPS 
CONTROLS 
e------- .. ALL FREQUENCIES 
-
-r 
, 
/ 
I 
/ 
I 
/ 
I 
.-
/ 
/ 
, 
/ , 
I / / ,-
I t$ 
/ -
/ / ----I , r 
/ t/' 
j:/ 
,~ 
, 
/ 
-
---
---
-~-
6 
--
-
A 
/' 
--.-I( 
~ 
.... l' 
b ~.~_4t_P/_~~_I'_---.L--___ ----1-. ..  _-_-_--_-_-_-..L--_-_-_-_~_-_-_--...l.-_-_--_-_-_-_--_-...1. -_-_-.-_-_-_---_-_-.....J-. 
o 10 15 20 
TI ME lOA1.YS\ 
'101m£ lJ 
.lMUJ'.II.fmJ y~ 
C 
~m· v.1mC 
25 30 
\ 
f 
r 
CO~L 
A~ 
Awl" .. $.D. 
«'Il ol~) 
].20 ! 1.81 
eowmOL ?U., 
A"'IffIJt .. a.J. 
(JO alta.) 
3.35! .6-.. 
TA..'tU XVI 
QAt.VAJ¥IC TftAIlS RATIO II VrfAMm i l.l!ti!'ICIUCY 
llJPlRIMU'l'AL M~ 
,.,. on %:114ft 
8Vtee I Sertee II s.n_ III Sort. IV $erlu V 1'" Ill". 6 ... U~p 11 ... 18 ~ ~~ 23~ 
A"Iff"'. S.ll .. AW1". S.D. AVfII!. a.D. "'fw. $.1>. A'WIIlr. a.D .. (24 e14ee) (~ aidea) (1- au.s) (l~ aUo) (6 e14_) 
j.58 + .810 
-
3.71 + .. Til 
-
4.44 + 1.05 
-
it..G8 ! 1.1, 5.!Ki ! .. 975 
TABt.! nIl 
QALVAIlC TErAlNS RNl1.0 III ClROJIC ~'NtI05 
I)a,y. Arter tenenst 1011 
l' at,. ~ ~ a t/a78 1b~ 3O~ 
A_I'- S.D. A.,.. u"D .. AWi., .. B.». Aver. S.D. AveI'. S.D .. (6.U.) (6.t .. ) (6 81_) (6.w.) (6 aiu.) 
!S.lJO ! 1,,08 ,.60 ! I.it";l 5415O! 0.19 6.10 ! 1.08 • '.T - 1.56 
'fAJt& ntn 
QALVAJIC 2Bl~ Rato II FA$UIO 
Ayv. B.D. A"Ife'r4IS.D. A..,.,... I"D. (14 .u.) (14 .1_) (6 a14M) 
3415O! .210 
6.S 
_ 6.0 
...J 
c( 
o 
o 
' :J: 
.... 5.5 
c( 
Y 
o 
UPPER LIMIT 8 .2 
6 
_____ DENERVATION 
0---<) C ONTR OL 
.... 
c( 
a: 5.0 
.-~ VITAMIN E DEFICIENC 
~---~ CONTROL , 
rn 
~ 
z 
c( 
.... 4.S 
.... 
.... 
o 
z 
c( 4.0 
> 
...J 
c( 
(!) 
X-)<. FASTING 
~. 
'2 .. /..... . . ~.OJ / ........ __I( ..... -A ............ 
($ ......----l(.... .....-- ........... 
~ 'O-~ --=_.-- ........................... _--0 
A------6- ----_ ----
---0----- ........... '-6--- -- _____ _ 
3.0 0 10 20 30 
TIME (DAYS) 
::IW lit 
6. GALVa, 
'.fI'IJ" ' rtf) 'ALUIS 11 
'ICDIC'f, eDOIl<t 
AD~ 
40 
vaUr b.-
.. IMO. __ tile •• ~"'Qg <:011 be MO 
50 
~ 'the nlM:r1 1lo11 GO a. to .ft.~ aueel.e CQa\ncU_ 1>1 • crater .leo-
trial 0'Ut,iNt.. Arter 'Ullrt.1 4qs, napoue to taJ'84U st1mul.tton could .,m 
be .11~!ttK lilt. .. a .~ (lOU "",1.1,.. of 9.0 <MDt_Uft. After.ut,. 4.qa 
a re.~ ·to • ~ <10U •• ~~ at 8.0 oat.~ ~O\lld be obta1ceU. 
1. fot.ct1ale at. reat. 
a. VltDb t C!OAtml wa1Mle II 
Of tittMa OOAtrol __ , ......... '·.le«Vlcal -u..e" vu the 
COlU~ tlad.lBa. la DO ~ wu ..,. fJ.bJ"lllatloa-1Ute potMtW .... 
,. Vlt.-ia S 6ettc~t 8.1-.1&. 
'aa1rt1 _tMala lIeN ~l"'" 4vlag tbe coune r4 tibia .,~. After 
'- ... ~ dqa, , .... 1 __ (10 to ao .~ total UuNtloD) "lnltatiQA· 
'7,. .~tala weN 4nOice4 tollowl~ :1 .. J'tloD fit toM ....u. .lect:roAelt. 'i'bea! 
poMnthl4 1iq 1M d'aaft~teJ't .... ..,., Uo1rt 4t.u'tltt_ (0., IdJ.llMe0D4) low 
~ltuWt (las tIum 50 Id.U'CWOlt4) ~t&l.a. At tSfteea to t.weat.7~. 
~t.Sal. 'Mftt reotJl!ded at Nd wtob van of Mort 4Qnt1e (1 too 2 tdUl-
~) 8M low __ 1t .. (50 to 2SO IdU'O'¥Olq) __ u J'ts,ure 1,. Theee ~ 
~UHat, .~ "'tl'DI1.Ua'1Qn' \nil po\eDtJals ...... ¥eN eoat1awalq 
tl~, ~ ~l)f. ~ .. ~ ~~..,. \be~, 
hlP t~J' ~ wb1c). .." ~, Sa au .. olaa ...a. all \baH _~. 
e. CJutoe1. ~~ utIIt18. 
'.ftw tt_Ulf.a atJ#t.aB ~ of ..u.t.enl.l.J ~t.a4 eal_a w-. 
u:tIId~ e1Mt.J'OIl3I'03zoapld.<tal174&11J' d:uru. tWit tiftt tnr a..,. tollov.l.rll 
A 
" 
rt 1_1 ,I j 1. ... U. 1.1. 
8 
..... I. t • .+ 
E 
7 __ 15 
JIQfDf.lAl.lS Nt .. 
bpl.tuaatJJ.m 0" rtpN: 
c 
F 
Ii. .... Ir.tr!Ital _el. at nat ("~rl~a1 81l.aol1") 
• - Yi..sa • 4ttft.~. ~ ... 8tJtl"',,, 
C..--pentst.tq) an.v 12~. 
C - VltMt,a • deft.~. .... ..... t~ti __ 
10. _tlvl,., (penilatSaa) af"t«lt 15 ..,. .. 
» - Cla'oele ....... ".. ~f.oa -nl. ... ,,. (.-·,...uttac) after 1t .... 
• - GfureJA 1iuII' ... 'OIh 1taMrtat1_ tI.k'1.uat.oa 
~bla attef' il 4a)rII. 
, - ~to ~.'-. IM ...... tl1tri.ll.,Mt_ 
..nlvtt:1' atter' a ~. 
, 
I 
~ .. _ tile etlhtb., .~, u4 tIlirt1eta Uya ntapect.1vel7.. ~ 
to eur~, ~ .. bal • .,... ~ IQ1d elMtrloal al1.u,;e lIU tAG tilVUac at 
I'Mt. .... baN after 8V""", elMtrle(IJ. .1l.aee .till preft11ed. At 
'"1ft ....... lifter ftJ'PJ"1, llOC.penlatlD8 "lmtattoaw ,..t.1a1a ",-en el1e-
lte4. .... vue also tOt.mlt em tt&e aee0a4 ara4 thiN..,.. Oa t.M f'ow'U.l dq, 
,...1. __ ttwS.l.l.ftlcm ~1ala of deMnat10!l vcmt NeoMe«. Then pcteD-
"tale ..... ~1Dc ~t 1 to 2 ad.U~ dURtloa, SO to 250 
af.oN9ol.ta ...ut. .. , ... ~ u~.lc .... 41Jttuta QlJru. (nl\lN 
15). ~f.oalJ.7, tke7 'WIft .~ .. Jlflftletat fa _\lD"e, u4 
~ Mup; Idc1l tI~ ~. CD t.lM eit#ith u¥. ~ .. ,. m-
e~ ...... ot~_ J.iIOt*a ..... lAt -J.aa ttre4. _ ... ~ .. 
tAt:rtiftk ..,. U. ft'trilla'S_ ~laJa OCIiIl\lmatI4 ...u. '" ~ net. 
~ :tau Mea ~ _ • '-. .... 1181 tt.Wi11at,t_ .. ivl,,"". 
ta ~" tile ~ tDt.1 -.c1e tit t.be o,pJI04aiu ~te4 
alAte a4 .. ~ • ..,. ~1a1a, *' t., elect-rical aU .. wu the ~ 
at. reat. So In'ltatSaa JOMa'k1I w.-e ella1t_ .. ...u. lMerttoa, ., tlb· 
l't11PSOiD t,.,. potet. ......... at ~ t.1M. 
4. r..:ttaa a:adMla. 
!M HWIIl __ 1 ••• ~Wd 'to RaJ"v&ttoa _" ...sud OA the ttnrt 
IIIld .~.,.. At "", tile ~J' tibial, _t~u, IlaOl"08plaalta, 
..... ___ ... ftaor ...... ex:\eMor ~1e. (~) or tM torel.ea f.tGlb1ted 
...... '1 ....... u. ~ .. tile MstuS., ..,. era4 of toM .-iwYatltm period. !be 
~ .INJ. OOAttaue4 em .u. fM'lai 41et wen t0u4 'W _v., the ... ~ 
~t~,M.e ti.ucH~ at t.he tm4 of to~ ..,.. 
2. Po~tala 4Wt ... ., .... 
a. V"~I.~~. 
*"'D&\1oa o1"tU ... 1_ of .. cla ~ Guod'be4 PftMl--
tile folJ.owbc reeult1at Oa _t.lv1ty vheft Juat. .. t~ mo1!.W ..ute were produce4, 
tM ~ Wft ......... to 'De .. \0 6 ~ Sa .... tl_ ut 500 te 
1,000 .o~ta U ...,11Wde, wltA wa". tOl'lM -uall.;r ."..,.lag b1-.1.:, UI4 
ocC1laiOJMll,- 1,1'1:,..101 with actlvit.l vMre f;l!U,J ~ .. to. vue pro4~, the 
pte'ure vu t.t of .. "tateJ;'feI~ l*tten'" la wbt. 80 ...,.lIOtor' Wt!w WG'e 
ftn.a .. to __ aD)' ODe 1IIOtGI' lm1't liailt.attaps..taQl.e. !he;eM GfIlltud.e was 
~ .. ~ .. miUl.lt .. 
t.. Vl~ I 4ef1c.1.aq __ 18. 
~ _Its .... 1ate4 4via1 tba -'i" JllP"l. of a.per1Matal obiter ... 
vatlca, *\ le, l' ... alw.,. poMlb1e t. the ••• 1 \0 ,. ..... ~ 
~..u, v1a1lWt ~ wdta ~ "'vi .. \be ......... ot ... avtntloNl 
1llUlJWlu' "'t~ ~ I1Wlcle aoat,nettou woe aM &1..,. vuU.1e4P9ul.y. 
",. ~ of tU ~ .• :d:t I'MJ,lOIlSct ...... ~ w ~ 
4lu1.IIf& * 1lWl'M of tbe ~ta1 pJ'OOed.ure. t~ t.t. ttrat. \vat), daJ'B 
... 8ter alta -.pIItU'tId. ....-1 vltk aOIDIl ~nJ Ii to 6 1d.ll1.~ 
4 .... t_, 400 \0 1.000 Id.cl'O"f01t1 1J:I, -.11'ucte.. !fMc._ tON u4 aOUDtt _re 
.. lI4IGtf.tll.l' HI"IIIIl. SWlta1Mr4 "~"C"t'enrw.· Jat,.t.a-u ba4 ,... fltXllPlltU4u of 
.,.,. 1 at111:w4t,. 
After 20 4QII, there val a 4Ud.Dut.l_ to .. Ut.- ... ~-lna 
Gt dVlltt® or the motor' QUIt-a .u,c':t..s." 
10 
At tbe t1ul ata&tt8 of the nuirit.loael macular ~troJbY, volUDtar,f 
~oatnc\luu ot tAo· mu",l. ~~ 1libal't Cbaat.1oa ~te (100 alli~ 
t.otal. t'lUNtton) of ftJ'1 ~ t~7 pot.eattal.a, Nacldua ~ Of aoo to ~ 
!tt.e ~l:! duer1he4 :POt_tala due t.o ~, are Uluatrated 
in F1pre 16. 
1.. R.t.arMl'JOloglcel f'~ .1tA ~C\Il.ar dRIP • 
• t6taI.A atatlat.loal .1pU'louce, all f4 ion t~ MIllpula-
1'.1-.. 1HlI'e _tei 011 • ~ of ~ alala. 
s. 4 ... ~. 
Ja the ... 1 u1al., iAtft~ ~tft~u. or 150-200 ug/kg 
of 4.~Uft.'I1.ae NINlM4 in: t.be "RU"loa of _tor vatt utiylt.,.. vit.h a 
~u of tH IUd.sal. 18 v1~ E datlaleat cud.-.1e. ~ a41ISliU-
t .. 1d •• ttI tM .... IIlOM of d-t~ .... ult.e4 1 ...... 1_ at ~ ' • .s:t 
_t.!vltl vt. ~u but tuN VU ao ettHt on tM , .... ". or 10M 
e~ tarlll&t.1oa JQ'teatU1s.l'~ ~ dOa_ .... ~
(300 UI ~ ..tka), ,..~ ~l. va. ~~ ~1_tb.g 8I't1tto1al 
neptra'lou, b\A ~ ... ., eftMt OIl" tlbJ'111&tloa ~tiale. It 
J'Mps.n.t.loa .. AO\ ~ ~u1tiAS 111 tbe death of tbe __ I, tae 
tArlll.atl_ .... ,blta ooat~ w tift ... attw ~~. 4.~ 
U"be b M1. 'bloGktaa ..... (:J(Y.J ~) hid. DO et~t. OD the t1brUlat.f.on 
pot_'UlII of t.be ~ .d_~. '" 
b. lift.crt. of ..... bq'loAol1ue ad ~'f<l\~1_. 
Ia tbe aM'Ml uSmal, lAtft"laOUl .sm1nlstratlt.m of aucc1D7l.ebol.1M 
> 
.:) 
A 
c 
~ <·~t s 
: - flOI'=-
B·· .. 1'IOJl-. 
B 
o 
-~B, ~ 
~ f() ft)illMm 
.. t Il 
.ot.oI' _ita tl.dqJ- "tDtefl'l _ . .. 
72 
Ia tbA: ~ an_l, iI.l.tnv4m0U8 adaialGtntton 'Of Guc<d,lQ'leboliM' 
(200 ~) pntd,uce. • "~ or utlvlt,r" .lch ~ ~ deg6r~ u &wa:ve 
or {.lcr~lz&tlcm." .1'b.b VQ Gda ill the _tala tor: ~ t¥O mbut_ f'ol.kni'-
at!: \11114:1\ aU actlvS:t1' e~. Motor \l81t Mt.lvi'" ... to mum arter ten 
tot1~~. 
fa U. v1'atD B "k~ _11&1 u woU .. ia tM ~ oa1mel., 
a cbara~1ttt1e ~lIhJ:MW of _tv1'-1''' tol.l.ow4r4 ln~ .... 1atNt,1on or 
200 wtJ_ of ftOc...,.1obolu... ID 'both ~ at et.la, ~. aU .,leo-
trtO$l. aU:". ceaH4 efter' ~ OM too '" ~., ~ t.he IlO\OJ' uaita or 
tbe y1'" 11 _I ........ tile ~QI\ JO\eDttala of \M ,I _flolet ~ 
~ .-la.. .. fl'bflJ.l.att.. b 'both uf.MlJs wu ... to J'e't.um af'tc 
~ 10 a1~J t1br1ll.atlOll potattaU a1~ ~eda4 tbe return or :mot.or 
wd.' .nlvt", 1n \be B 4.eftclat _t.,18.. 1'beH f1lliU,Q;. Q'ft Ulatrate4 :in 
~ 11. 
~tbeA1_ (150 \0 aoo ~.) we ~ to ~ eaob ot 
~atad. ad. yltad.a I defl.tJS.et ~1a.. IwDte l.~'.el to tho8e de .. 
acrl.'bed alW.mt tor ftQcs..l~1'lo1iM WI" also .... tollmdng ~l_. 
is.. Itt_t of ""'*~ (~tJpd_). 
ta ~ aa:t.la, JtitOIIt.~ a4t11a.1e~" 1a~17, 0.5 
ma/q" ... .:a.Wbt. u. ~tm~ bt the 1liCJt0l' ~t pot,_t.1e.l.$ I> M1rltal 
etten 'b7 tt.e. ardaal NftlW4 fA ".l~ ban_ of.to~.s., acttvlt.y, 
--117 v1tb .. lac~ itt. ~"Ipll'Ut!e. 
h ·tbr vl1l&l'.in E i.~1id'.teltat _i~" tt,. almttItM arter tbe a4m!Dle-
tnt-I.oll of ~~t.SJtm1M lDtnwaeu1u17, then .... ~tat.tOt\ or ltIIOtor watt. 
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A B c o 
. ..... • f+-
E F G H. 
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'It. 
activity u ~ in ... ..-l. ~l_·.· '1'he taeneM ta aMor unit actint,-
baa t.,M etteet. of ".,,)j.iDi:·· ~ ehilm.- in 10be ftbnU.t.1C1b potont1&la.. Wbu 
the ectatic fta've VM nvered, the tliI.Otor USt aettrttr (~eued. ilowe'V'W', 1t WM 
thea !~ •. tl~l. to detect _ t~~. 1D m.aher u4 ~y of df..~ t:Jt t.be 
tlbriJ.,lattoa JOt_t1.ctl.lJ II 
1. t!:t. ~-ll7 ~~ ai_la, ~ edmSalatftt10n ~ proetlg-
t1Id.ae na\l1\e4 1D u iDe,... 1= .. ltt~ aK fA the t~y of tJae fibril.la-
t.:l_ ~'iAl.a II 
.. I:ffecttl of ~'ttp1M O~ \be e1ect,~"Ott~e ~ ~ tU 
poteattw of ilOl'WIl, vlt.D1u l! detk14tnt, aa4 cbrcml~ ~te4 _1a1..a 
U'G Ul_tfttft 1D n.~ 16 • 
......... ot the "*,Sap lit the ~1tJ, e1e(,~ .. 
... NapotlM to ~tWu.- 4rup fit ~, v11iamb I 4ef1C!tf..eat, _ ~-
lofllll ~ aulMla ____ ~ .... 11ft ~. 1D YUle xn, 
n aDd, :;O;X nMpectlveq. CcI_-.u .. ft.",,,, ... \he...-1 (eoa\J'Ol) aN.Nls 
are alao -.ll'-la to ibe tawted. u.bala. 
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11m'IfM 
~IOI 
OALYAlXC 
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(CAmOJML) 
'AlWlIC 
~IO!f 
!POLl XD 
~QP~~m 
r.tDIJDS 
Ooat.rol 
Aa~ 
~, lfonal ",1tta. als,tlt 
Ioc~ dec~~_. 
.,1 t.A t.iM .. 
..... - ,~ tnm.4 of 0.".. 1a sbQe lUI toM 4et'lclft'DO)' eoa· 
vlt.k t.'- .. t.~ (1JOft 8tial.a-
\108 ,....tn4 to ~ 
~ ... , ..... toa), 
~tl"OIl~ 
oee ... at *'111111 of 
~ .... l.orcW dWa ... 
u. ..... dow ".-
coa\lautt.1H (teJM1e~ 
to J1,atell). 
Jfarlul., 18,.11--110 ..... , ~, 
Ko~ vi\a omJet or 4ert~1uq 
vlt.tl t.lme. • ~, tMJ'8 U .. 
napU~1D 
e~". 
Ionti ~ttenl, au.'-to 1Do ..... b 
1io ~ with ~bol4 an4 __ 
'title. lRga't ..... 
wt,~.....:1 Il.ov Sa1t.iel 1Dcl"UfMaJ 
1.tatta. Ko .,14 later .. 
~ vita 
t.iIItt. 
Al.,.. poa.1:ttft A1~.,. JOG1t1 .. f'1ad~. 
t1a4I .... Jfo ........ !ttl t .... eba_ vtta 
t.1Ite. 
r!u·oni..:s l'leDena-
1.1.on AnSal. 
»ee: ....... u 
aaenattoa 
-...at.J.aueI' .. 
Mubcl ~ tftD4 
Oft .. UN .. tbe 
~1ofte_ .. 
\tae.. Uparture 
r...~ 
CIO<Nft at. attaal,l 
of 1 ..... aM 
1~1" 4unttoa. NrI'U"" no 41acoattDUlt.iea. 
!tQ14 coat~ 
lDo ..... lD 
....... ,. 1.atme41 ... 
~ fol.lovlas 
denervation. 
~1M ...... b 
~an4 
 1& pat.tam .. 
~t. 8IlCl rap14 
laCnaM d.ur1Dg 
eitlbt ..,.. *lov17 
_ .. t~ 
~l'MfIu.. tatl1 
th,ln.letll ctq. 
Jo elIa_ 
lnlt1al.l¥. 
tfASJ.t n 
~o,~~c 
nJroDIJI 
rot'l~fttAJJJ 
A'1~ 
1O':t'lfftI.Ata 
_to 
MIMMII! 
I1Mtl"1M1 
.1.1 .... 
d~r(lu.tt,m~ al.Htrlcal 
.u. __ . 
!iJUCCUYL- 2lectrtea1 
OIOLDIAD sllAlnae. 
lli'CAMIftIOInt! 
~IOMIlIi nectrieal 
al1er1ce at. 
..... 1'.; 0& 
., N.IIIIlI'#ftt. t 
lncJ1MfM4 
'9Oltep. 
'1~ I 
letlclcmt AaiMla 
1l1tt'!t.rlQl aUae. to 
tltt4le 4a,ye GO 41., 
~tIt1a •• ~~ 
f'lViUatloa-U.ke 
poteattala to ... tIl_ 
atId.-toa 1Il .,It ... 
of _t.w ualt JOtat."-l.., 
........ ta ...... f4 
~,. wd.te "'~J 
PNlleaee ot'.,....~· 
~,1alAt ta tbe ~ (n.1) e\ap or \lie 
deficleaq'. 
10 _tcr wUJ ~ta,... 
-~ ~'bue. 
~ftl.u..ce. 
rae",," lD .... :1' at 
_tor \RUM .. volt.ap 
of mtoao ua1ta.. ta('!naae 
u .... ot.~ 
po\atl8lo. 
t."h'1'OQ10 ~. 
tton Alliala 
~tt_ 1'1"I'U-
14t1OD pot.4mtta1.e 
~_u. 
tovtb _ tollow-
taa INJ"Pr.Y-
~upto 
~~, 
-. 
ftltrUla'tlon 
~ta1a 
ooat.1DWt. 
~,'1'UM 1a l\'WI'ber 
of tibrllla't.loa 
~_tia1a tt~ • 
1. ~toJ.ocr. 
a. n.tI'04t • .".l •• 
(1) IecN1Q of tbe __ eat ........ ~. 
~_ or \be <lata hal ~ ... 1_ or 't'ltedD E 4et1clf8l\ 
_Slale vlUa .-. data. cMdM4 ,.. ~ _* .. (1) ~l _lale .. 
tU __ rf.tle\ vttll1fttRb I, (I) ~ _t_1. ~ _ tbe coatl'ol 
u. ..... (,S) ~ ........ -1. 011 .. low cal8J1.t! diet WI. COfttaiae4 
,,{tau a, Sa41 ___ I'8'UIW eoacl_1Yel1 taat • st.1ari.,. auv ·tMrtweIa tbe 
la_ .... 01 tile -.tU1ld.D 6tftc&eae7 (18-16 da7a) .. tile ... a,- parlo4 of 
-..1' •• '" (4-8 __ ). "''- IE • 414 .. )'iel4 .., ftAltItp vtdeta 
~ flW tbe aoat.rol data • 
......... ... • JAct ............ t. pS'OO ....... 'wa. 
~ ... fa I 4eftc:1aq b1 ... \0 ____ vltal • iIlopt ~ 
to .. ' .... va'''. ~ dUl .. ,s. ftla\loull1p Maori'*' 1Ibcmt. 
~ ............... fit a deftct...,- abOw-.l "- ... ap!tI8I'f1 tNa4 
............ olAf ("... 9 .... 10) SaUoattac _ ..... ael~1ll', 1n 
.. ,...... X. .... lt1en, ~ U. <lUil'Us.. of 1.0 act 10.0 .111 .. ,*,*, 
\be ",I ... I ...... ~ tIWl ., ..... _ "talr" ~'10 .. at. ,.0 
19 
~ • d1aeetlmd:ty ~ _ be a...1opu, ta eu:rYlUS 00 auceesl1ve 
4q8. 10 ~ .. , t:J.l1a ...., (;:~ or tUJ"4Krtlw ~ Mft ~ .. 
tM ..... of 4tQ11 OD tile diet bt."1'ft~. A ", ... \bli1ty ta nport.e4 1»7 Pl"l-
viO'Ul!l S ... \.lpwn. as beiDI poetaat • -.lepuotlV ~~J 111 VfI'l"¥ GU'l¥ 
deaer_tl4m, ...... MrVe~:t1_ Sa taIIiq: ~ ~1»s ..... -.b .. 
11~ o-t _nil' • .,.l,y to ~.17 ...... 1/414 .. ale (Mrba, 1916, 
foUOd: 11 ~ l~'). Ia 'ria of ~., the ttavu. .. of • 41aeoatbult.J' 1a tku 
ia'Yee"lIat1on ._ O'OU~ to -. u ~~. III 0I"der to 11K out 
~*u~ ..... ~ ..... ~\Mt_t~w~ 
the ~ _ ,.0 ad11t ...... 81uMtM ........ 
... t4el'1aa t_ ..... t'fW ';20 41i7O 1B ~ 9, we obMI"W thtl~ eaclt 
JOtftt WM _ avu_ of 1 • .......,..... U we .... .....s. tile Uta tor V. 
polata ~.\ iibII'dt_ of 1..0, ).0" '.5, aatl10 ... U ......... we OM ~ 
*- .. 01 ...... or .... -.-,ets.. ..... tMlr .... ~. _. We note 
~~ ...... ot~_,..........ual.e_~_ .. 
~ ~ O't ... tau. ta,.. 1M ~ •• of ..... tt !ht3ll walw 
................ ~ fill Ute __ at l~ ...... tl_ u .taI ualta. ProIa G 
...nIl mII'WJ 4ft_ ~ \be _-. to'll "'* 20 ..,. ~c, ·taaor1D& ~ 
... m ~'- of ,.0 .. , .. , •• , we ea ...... ~ of 1.61 vatu at 
\tie ~Soa of ,.0 _. 'Ib1s _bla _ to .. up ....... 'f1\+' '-t w .... 
111M 't:.he ....... Wt,. or t1a41a8 _ ..,.... or 14 ~t:lca at .. ONtate or 
1 .. 31 _Ito .... , • """"'_ ot].O _. 
~CGl'dlq to a \810 of proba'btUtt_ -...oeiated vita ;Jt~ t a d18trll)utioD 
tor 52 U4NU or '"",oa, the F •• 111~7 of tlut,. .. ~t,1_ ~ a tail' 
~ U ~ .. we 00 ...... be ... p&ftl)' 'tI, ..... u :a... tiaD .01. 
Ike __ evaluat.loa WM ~ cd tbe 2j 4a7 I qrl~1"'1 Gt~ll-
~ to tb.e "','" table the ~lt':r 1. leu tMa .015 ... SAl taeftrto:re 
.1aIdtl~.. ~ taft .... t. ltoUl ~ Uap1a;Jel taU .t.pltie .... 418 .... 
tia'ld.'\Y, ad fA tbe ... 41NCt1GD, 18 1a1raa to 'be ~al •• ~ 
,., .. naUt,l of Uaa 41a~s.t'V • 
.. ......... .... tAt ~ flit tU ~ -..188 ... tCNad to 
I'tH r.. .. ---.1 'YCWae or 0.3'.~ obta1ae4 _ toM ;fUet 4tiq to 1.J5 
mUlt.~ 1& tour .,. vi. _ .... lJai\ of lO., J4UJ.Ne .... at \be ~ 
Of ~ ..,." .. 'ri'-la 8 ~u.t aa1M1.tt ea.tliliMcl .. 8OI'IIIIItl. OJ' coevol 
~i. at. \be u.. of "'- tift" _t:surt.i_ pu10cl (1.Ji. .. ) oM tobe 
~. ft~t.l. JltI"04 (8-U ~). .,. tbe thS.J'4 JIIIi04 (11-18 ~) Ute 
...... _ .. to.cl to ..". naa _ 1.12 ~, .... at .... of 23 
d.fQre - , ... ,~" fa \boM alMs.. ~vb8 \~ ~ , .. (. to 
ItO..,.) V. .,..llalt of ~ ~ vu lO.2 tdllJ~ .. JII1pN 
10, .. ~_ pl»t. rd the ........ ~. -.1_ 111 ~, ~ted, 
ad. vl'f8da ;I .a.notct. mrH1e, ....... ~ .. ~U .... Mt. __ tbe B 
4fttlc:u., tm4 ~te4 -.elu. 
Sl 
Ratto'Nl.uea dbt.1DI4 tor all ttmJe t~t .. or ~ttl_ .,tIN ... 
lat!. ~ (500, lf4, tm4 11 ~ per ~) b ~ 01" OOIlt.-ol ~lu 
~ te'be..-J. .• 
Ia tM _u..t~ ..,naMd. _SMla, .. ...-tlttw etl.JNll ntio 
_1-.. ,.. t.tut .... .,.te4 aeel8 OIl tM It .. ..,. toU.ev~ ....... t,tn vent 
~.. ., the hmI"t1l Aq, theM wu ... tat .... loaU¥ .l.iP4I1_t lao,. •• 1D 
tlle Nt10 ~ tor ell ~1e$.. 0. tat -labtll .. Ute ..-to val_ coa-
t.iDue4 W ~ aM. 1t 11M ftrtitII4t1tat 110ft ~ .. ,.... .. ", t.o p~ • 
• J"efIptIiIiM wttlt .. ~7 of 17 eptj leM n. tbe 166 1'1,. ~, .. 
atill 1Na trw tn. sao epa f~ .. ~ I. a ___ iAat.l..u.y .1pltlCDt. 
41ft .... ltet ........ of t.\Mr ~ fate...,. ...... r. aU ~ f'J."Qa tJl.e 
IIOJ'IIIIl or ~:rol ftl.... !he et.~ .. \IIlftt •• ~ ... ~r 
~ 1a M:tO val .. with tI&e ~q re.J'!lI'MJ-~ 18 the ... 
~ .. _ \be .... __ • (~13). 
!'he .'10 '¥al .. of .. Yltaata & 4aftO:t.eat. _.:a. "" ....a. tor 
t.iIIt nn\ ta -,.. !he:N VM a 8l11_t e1eYat.loe h .Mt.lo ftl_ to toM· 
tWfttletih dq. ill ta. ~s.. ~lot,.H4 ba ~ t_~ 'vita tlO ,Uf-
t __ • f'.:r.md liIetYMll t.... ~1. vlth tM watt.- _. &l1 ~ 
.... tie ...a .. veft ..... to l'"Ue~. en.- 13). ~ aipU'lCD't t1a4tnp, 
1D ..... ~ to nPl':J.t.1'M .'a.ldlO1l.,.t (1) .. ~1417 1ft~,..lr.Ie 
rat" val .. 1» tile ~U4 ,,411_ "or all ~(!1_t ~lth .. _.t1att<u&l 
all.Uit'1~t __ ~ ,.."10 val .. t~ all ~~ VbeA tbe !!IUIWl1e 18 
n'~l4ttel)''' ...... ted, ... (a) ...,,, tJMj e". fit tile ftt.lda E 4etlet .... 
CUI"\"U ~t_ tweBts.etA 'to 'tbe t."IiI8lty"'fo~ dq ~rm a ill\)~ ot o1Jd.lari.t7 
t.o the t~r'ffM 8t,a,Mta al"1.Ii.i thtt fint towr .,. f4 ~t.1_. 
Ia ... .t.ra-' ",,~U_, .. l'IIJRlu fit exardratlon ror·l8lvulc 
tet ... Ntio (~ 14) reveal t.U t"oUw1lla 81af:d.ft .. , "\Urul ~ or 
eew.Jl_olAn 71_14 ntlo ~ ot ~ I'U&'tIl",l to 3.'. ~te4 .. c1.-
sbCI¥ " N,pU tal1iial ~ 1a pl~ ~ ftlUO fr:Q:l 3 .. ' to .. 1-" of 
6.5 durilta ... fin' et.pt. ~. ud a.low Wt ~.'!lil~. 46ol."'eUe to 5 .. 7 
th0 ~ w_~-two u,w. tM ..... p:dat; of ~ .~. ~l. 
of UW~. _tala Jieldet n"~Jk val,*" v1,",iIl t.turt ~l or ~trol :nm~. 
~ ttalva1,c tatuae "'tl0 ~ r4 ttae ... elM of tM d.tat. I 4eftd .• t. 
elJale ft'~4 fA al.ow bl1tlalla"" .... tot' 1ibe t~, -t.ata--..,. to~ 
"7 .. RPtd, tftetwM W 8.2 .t .... t .. ",~ 41 .. tb¥-
Ia tile Pft'lI_t la",""lptloa, 80 41~ S. t.n- of Na~ or la 
~ to f'a.n4!e sttalat.i. vat t ... tor t.he v1te1m li controls, vlt81n 
I .qan~1 «'Iat.:IOl 814_ tAt the ~ •• 1_1'1" a4 tile ~ioc 
.d.IIAal... I:u aU ~ ~_4, ~ ~14 fN1!ftat. ". otJWae4 vA.. tbe 
..... 7 co.ll. of the f.D4u~1_ Nt at. 11,,0 cen",-teN. 
Pol" tM ~ ai4tt fit ~ 'auUa~ ~t.4Ic1 ~, 
__ lteUttr O'f tIM ....,l,e \0 tua4te ~ ~, ~1»g \11th a 
~ 0_1 Httiq of 1.0.0 _t,:b!Ittera at. toe .,. ... 9.0 ctet. ...... at 
30 up, tid 8.0 oetI\~ at 60 tla;p .. 
~le .tlmllattoa ~ to M tlwt t.ml..r d.ft:t.ft)d~lc teat. 
U91Q)'II4. In tala tJrvnt1pllon .... tile vt~ I-.rUl.' mua~ 414 aot 
00ft'MJt1Q4 .~ __ pdat with the flDlf.rJp tor the "'rvat_~. 'fbla 1. 
QO't. ~~t~ •• t~ t1a4taa be4 ..... l 
(1) .. Nap.mu of "'nal-M .... ule to ~l~<:ut~ faJ"a41(~ at.s..-
lat,lOl~ .tid. .... t.t tor u. ..u. t1ae f1I tbetaYea~"-1oD (60 ..,.). 
(a) u. ~ftfN. :.ta t....uu ."~'oa ~ of tAe ~'ted. 
~ vu ldalNl 1~he • ...,.. v1'11 t.he otllv ~ ... t __ .10 eriteria. 
t~) 'fhe methOd. of -.aw-lag the A\.nt.d.l •• t~l_ ~ MfUlW!'1.aiag: tJ.w 
l(i.t.t.~ of 'UW ~ oedl 1. at but ftF:J' cN4e. 
(2) .~ fit .lcwt~'. tf.adtap Ia vlta1a,l 
~lfd,_q d.t.h tlae ttadtap or .. u.. tJ:nreatt,ptOft" 
_ ~..a 0'Uk ill: tao ~~Um, tbe .u, ~ *_ ~ 18 
~ U,~'aft .. .,lA,,1Ac P7 of 11_ u.~ crtt«r1& "" a ~ :l.a'¥attpt1on 1;0 E 
4ettQt.R :sJtaletal I'I:AmCtle waG tbat or nctor (19Y.). ,..~ ~8" and 
e~1., &m4 ~ that bot.h ~_ to riM 1a _~le of "fl,t8ll1n B deft-
oint J'Ublt4" 
0Ul' ~ ~ ~ 1f! ~t. _1tA ·1:..bOM J'C~ by 
Viet;;)'",'" .. ~,~ ... 1» tU "deflctent. nht.ltf1 1A ,,.. ~t;tp.'1a WM 
... W deQrocfM.. ao 4Ut~ _t£d.Md 1a ~ 87. &lt~coante4 tor It,. 
til&t taet. th4f.;. Vlct.or _04 dh-eet .~eJAt .tbNlatton w1'" __ l.e elen"""', 
vheNU !Jel"i;tvt~ e1HtN4ea "" UMd. fa i*u bveattptt.. 1ft a4dtt.1OU, 
....... e~_ ntaabo;.rp _~~_. for .tbmlatt_s 1M _84 a Q~·'Mnt 
o~ JJ~. a't.lcUoa t4d:all ~ out. ~'1etl,q~ vave" of pl-
.. 10 (:urr.'_ ftrJal.l7" Vlct.tc baeQ. hh naaltG on li~. _uu_ .. b • .sum. 
".. *W:I utt .... , ambIala. Our ,t.aS .. an 1HtM.t .. .., ~ta tor 
.. ck ant.l ... tor •• t;t 41tt_.t ~ •• 
at. 
(3) ~ or ~~u fU4'- 1a ~loa 
wlta tbe tt..t_ of ..-11 .. 1a~lpton. 
111 .... 1t.!M to aUoviIII a ~ to ...... vitA ;I 4et1 .• t.eJIq 
~, __ -'1"l&ttn ft ...... of ~ ~ alaop.rov1. 4ata 
.. 10 ~ _ .. \0 ... ~ elAMt. .... t ....... ftaUI1P or PN"do. 1lweot-
t~. 
.. .~"",1a '·'Ddt. 10 ~t'" !a t3Ua In-.t:1gat.l_ 
an 1a _1'\11 qra ••• wl_ .... wi .. u. ......... ,.. ...... ~ ... 
......... ..... , ~, ... ~"lve .'11111 .... . 
fa $be ..... of ~"J ......... p1~ ..... "'ic ten4lc 
.'''.'.'., ·tM ~l'toa __ MH4 ....... .w ... f.a t.Illa work U .. 
tollcNal 
III ~. it .......... vl. ~ .~ 8IIl4 \JIIIile' 
wll ~Rl1tI4 ~,"ioaI, .!t, Sa ,..DIe to d~~ • 
..... , .. ia ...... ~" 
la a-lY&llio ~ ....w.o. , ____ ~ ....,. ~ VOrita'II 
b''''L''tlc~ the ~ .... ) __ ... ".",.. Sa 4 • .....".. _'"** wIlt)"_ 
J'a ........... U. AU. .. (1ft ...".... 1.0. ~, .....s ... 
tl_ of ....... , ....... 1~) .... ~ .n. _ Jalt4al rSM, \be "tftQd' ot 
_ ....... sa " .... ., .... .,.... .. 'M ~ .. ewta att.u )Q __ baa 
.. ~ 1M coak'Ol lArIel4 ... lea wU\Y. .lle Po~ .... -t.., .... 
~1'" ....... _re, .~.,- utt ....... an DCJt -Ue'" \0 ~t tor the 
41tf'UifAt_ 1a 'be lata. !be ..... fill ._. UM4 '- ant". at ... ~ Uta 
1& DOt .... 1 ... ta tU1i" NJO"," OM tit '"'" "''''''1pton. a4atta (~ 
\ba' '.~ uS.l." WU'e UM.4. .. \Ilt. u ~ .. a futor _lthe. 
r. 8$ ....... b __ ".... ~, tiM __ ........... 1.0" .... 
~~ ..... -' ta ......... riUl .. lSar ia'NRlpton (.,.tI101l117 tM 
~ .... ) caur ~i_ to bowl.fl4ae or sal'f8io teteau ratio tt~ 
1a.~1 
1. ~ ~llAt4 ~ eoa4ltS_ 8M qua " .tattatteaUl 
81$lltu._ ~ o~ _~. It 18 ,..ibla to dlIllCM'" .. lIl'Willie 
~ _&0 val_ t • ....-l. ~_ 'i'b1a1 _dANI III nllld.u taU vt\lata 
• ltIIlW114 .... (3.1 te ).,). ~ ...... __ 3.' .. 6.0 ,. ...... ...,.1 
~1M", ... . 
I. %a ......... taa ., tM .--'v '11:'11 .. 1 fAUMl_ of MM_, ... OU'ly 
aa1~ ____ ratio 4UI"M t. ~M4 b7 • ,..,14 bitttal ~ followed 1q 
.. ~t_ ,.1:".10 ~ .. Ie faOl..... .. ~ at ~ --ll' 
lBt'1al SU .... 11M """ ..... ~17 .... ~ la tM 1l~. 
'x. -.1eU1 _Ile ... ,.... to ,.....,k at.s.la't1oa# tile ftfN1:t. ot 
u. .,..s...aw .... 1' ... , ... of '\bb ~1p\f._ o~ vi'" "be _,-ca 
ftat .... of M U4 "'- eUaleal ft,dlqa ot ~ (1916), Ma1ft.eU u.4 ns.. 
~ ... JI'oll" et. a1 .......... l8 dMN.8f14 ._l .. rut, of 
~. _le to r...u.. "~1_. ~ U. ,....... l'!IIhlu Uftu I._ 
t ... n,. ... ttlAMa' at....,... _ falta4le atlalla\1oa flf't.ttft 
.,. ~ ~.... .. oar f'tIIlt~, NIl,.. of' ~~ ~ to 
Pln\ttl&MQU ""'0 frt.1IrW.atl-. t •. aa1r 1Il1.abt.17 4i!11rAU2a.e4 ewa after 60 
dqa. !hi. ~_~ ~ ~t. tta4b1 .... _ 41nct st1ltJtl1aUoa.' Aeaer-
ftt.e4 _~ ..... b • lWte4 ~_ r. .. ~ ts- after t.aJ\U7 ad 
vitia Poll.oek'.tt&i41a8 1» tbe .. \btA ao!1!.a\1oJa .1' '....,,1 •• ,tMulatloa ,..... 
au .. ~ \be ,..t.04 of deMrmlaa bot.h ~ a. -.l1e 1* sttmll.atel 
~~ .. ~. 
1>. 11eOt~. 
(1) Ren1ta ot tiM Pli8I4mt iavetf'tJ.aa1;' •• 
.. ... 'f1 .... I ~1 ~. Us .u. futel ~, tm4 ta tbe: 
. 
~1'Ol. .tAe of .. wUatenll¥ ~ _"'l.J"*~ftea1 .~' 1IU 
tM ~ ... t .*'~ f1.ad:bra .. ..-t ta au l!IIMl.ee ........ la 
\lie 4 ..... Wd. ~lN .. ill toM uDal. _ • Yituta .I ..,.. .. ~,I ~. 
ta1Uel. ~j .. wu "~GItl .~"_ 1:'08t. lJlIt 'the ph't .. (...,." b 
tU._~1 
tJTltd.t.oa ~s.ale _ .. tint JII'NJt ..... nt.l .. ..,-, .. ~1M81481 ..... .. 
,,.. ftwtUM1_ ~:I.ala '''' W ......... ~ ,..\ ...... tl_ ., 
a4 __ 184 .... _, ~, *110 ... or \tie Ulir\r ..,.. of .... ~ 
Ia ... Y1't1aSn I 4et1eied_t~, ... ,~, ;$tr.rt. . s.oa t"." 
po .... i8la ... ,...,. .,... ..... ,.,. At ttfteea to ~J"", ,Penbt ... 
... , .... , •••• , ~. "'tDdJ..1attoa4JPt'· ~tala IQJPItU' 8IIt1 
~ tJIe .,.~ pJIMlIt1a1a of "'.nat1oa vtth t.i:&.oH ... 
ta '¥:J.tebt J Qft~tat WPle, .. Uffveattau... 11M .~ _ tU .... Sa or 
tM ~N aa4 O~J' .. ~ 'tJy the QlCIU_c~ 't.nacSag. !'bat. lSI 
'VOl,-, 4Waiia, ~7 tilt 4.S.echaree (botIl tt.ft _~) cm4 vaft tea 
VC'e _~ 14.fetlca1. 
fa tbe 'vitulD I cleftol .... obal., .,.,... al' ...... ,1&1. ~ 
~ • tG U. t1~ ,..., .... f.et 4Iq. tlwt.t la, .~ ... _it ~ 
,..... .. '" u. _s-l have t.M Ill .. ~ .. aiqle ~ Ulllt pcteBtlel4 
of ,. ~~Nl w .ftOl'Ml, ~l •• 
~ ........ 4&Ja. total dtep eN"put (81ft fIOto.r _it. ~kle) 
.. ~ ~1 vol .... DlSe ... :nat ........... -1!II'AA7111'l 'If ........ , ot 
.... ole .. _ .. ~toaot tJte aotor uait. ~!ab \y ett'ort of' tU 
eaJ.M1 MUd: Rflu .'~l_ of '1M lIIotMle. 
ta tM amrte ..... of tM Yl~ E ~ tbe ~ or 
'¥O1~ .. 4..-t. ~ ~17 ~.... 0a1:r' "",'lala wt~ 1_ 
vol ...... ·lIliOJ"t· 4un&tlc cCNldM .:U.e1te4« VO~~J or Nfl_ eoatmcUou 
or .. vltu.tD1 4efteleat. ~1ea pndWHl4 ____ Clt ~, ~~ p:fteOttala 
It. .. ~mqlt a4 M the JiIQJI't. jIU't ~tb1e te .uett".l»Gl.~ ~ ... " 
~ .. .." ....... til ~ .~lOIl, ,.f.'~ Of "-118 01' 
~ .. or tile __ 1. It. WIiI8 ef.pttt~, Jsowet ... # ~ ~ uat't aet.f:t1t, 
(~ of ~ .,.,......) ~ al.,. be elu1t4t4 "'P te ~. tt.- ot t.be 
a1alJl Qad.M" :18dl-'bc the ~. of ... ~t.aal ~ ~­
t1OM. to ~ ~. 
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~ ~i(1t or II~~ r.~tt.0U&l .. WI'tmal Mitl~t1 .. COn'elll~ well 
~,O thit ~t.;.':'t~~.tl(~ tt~tl~o~ •• "1.7" .. ··I.D<:~ltte" ~Vdt4m 1n 
th .. 1;~ aanetAtnt ardJIIIIIl.a;t lI4Mm part.1i:~ul.rir17 18 ttlc ~t.~at,1.~~i·ul;t1" _ tlle 
.t~"A~U"8t1on Q:~., AI_ \1_'11,t_1:. ",i:toll t.beG. t1~ lj11J the J'l'8almCe 
f!It nw!lla:t.1_~1; tala b tNt iit detird.eo" 1PMKl'" ~ rae b41.t"'~"Ulah ... 
(2) ~ or tM eleot~e ft_tap to tMM 4ft 
~ lt~}t.tpton. 
110 :Jtn.w1ou. "P~ have .~ .a tbe lt~ ... of ele<~ 
~~ atu#ilaa with '1f.tad,n J 6IN.'iut. ekeletel reM<J:leiJ. ~ ts.t~ .~ 
fltdo:UJ.d.t<m lK~ttalB at relit. ~' the attend *w =it e1.~t~~h1e 
p1et~ nt,..eel:t oft3tw t1.11 ....... " 
... J;ft&~ 0" m!"'1.1htt1~ ~t.la ie ~, ..... ,,1. 1.1 
eou:ht .. vlth 'the t1atU.., of ~1S.l" il1tYMttp,tora. 
~.. Ett.c\ of taattae OIl .lttC'"l'04~Sa amt.~ 
81 .. the 0 .... 1n e1M1;.ro(lt .... t. data o.f tot.- YltUd.tl }; ~f.c1_t. 
_~ ~~~)l~ at .out. 1tbe .~ '\-tat .. U. ~ _~ 10M ... tit in tb.ltM 
_1M1. (&~ 10ee _Il.~ fI:l ~ ~~. In ft.,. -ra), the ~1'" 
_U1t, _Uted tMt GQI.\D or V. 1m: ~. ~ be 4mt W t.ntt.Soo &loDe" 
Bl~l'04t""'D aM .~~Jh7 daw. 'k"'~ col.lActe4 traI a 
~p fit ftuJ'ts.. w-.l.e BOt 1. 611 S ~1" a..t.. ~ but 021 a 4let ~'b1Oh 
-wou.'l1i1 p~ 11 o~ wl~ 1-- (~ 10.0;) 4 .. ~ • ~le ,..104 
~ \,_ (~...6 ..,.) .. 
Itt this 1n·~ .. t1_tlml tt t:rul tom;;\~ '.that ~.1 '5t~{~t.~;!-Gt¥::.¢.;d.", «;8 'f1llU 
U ~lt'~~t:~~;l'"'~~~ t1t.1l1t~~ :tn t.~~J~ r:lt~ted el.,lm'; \-.l~t~ li,ltll1xJ ~iJ;l~:,~1 U!!iitlh 
em t;M b'Qi$ ~ 't.J .... (I; !'1ne!:~;; I it ~.wt\.(fJ.ude~· tht:).t, in ~l.Ii:'C"1t:rcd1eEn.Qe 
at!! 'ilt!!,:11 ~ .. !taet~ngnlr'lby data of v1.tft'i!1ll r d$f'1r:1c!(y l'H"f.' n!;}t.~1i.r~>tly 't'''''' 
l"t~fl<.t t,'O ~~~:1ht loso. '!".;} 111'llloltNt~ 't~t1tl V'ti»hl~.l1:T. ,''t1s,."1.t. dl/Jlfij:~e Q'f' t.he i!: 
~'f''1~Ui>'&t ant~m and iZ'lt th~ f_~ md._I. (;po:l1tl~ GO thtJ uaph to {101,ft-
e14e ~d"b t". b~.1&~ of ~el€~t 1~~ ct \h.f;o ~ (l4d'1tl!iet. _tale) \lere 1'11ot1o. 
t~ vithe'br'o~ of .,oa~l.tB .t1<:leut, .f~ 'f~t~ a5~ (nguN 19) 
tt ~~ be 1'JC«'Ic tut tihU. t,. ~e~1~ loot!: au",_ tc4nllel Gat'A Gtber 1n the t 
det1~d,.qcy ~n(; 'fa@ted PUU.P'S~ tbe ,l\1"QIJi»ld.e 'IInh~ ~1~~ ~ot fIi;llOlF tl:t~2 t~ fief1-
eltltlo:- ~~h.uL~1 llt~t i~tn04 *1, aO\f'1fal 01" £"ootrol UVt"16. 
G. ~~olD£r. 
!'!1~ ~..ec.t ~cl!tmUtJt ~t;1':jl"'1)MJ9l:'uhrtnm:limtialooi \;bethu ttl&!: ... 
t~l~:IIl. ~ll"Ji'.;:el. r"yr both" luua not, ~ t'Ul1l Mtflbl1,l!e4. Iotw1thltstarJ41_ 
this, ~1 dr'~ U'l:!' re~"t."te~ ~:ort tJw',. ,rlJl(t1;\:lle e·f,'f'rtct.. st the 
~.,fI':1~ral j'un~tttm bJ lnt1.ue:ccinl nftt!.tt"t~eulu' tl"'l.Ulllnnb.u~tOA. ~e: 1nc.lwe: 
4 ... tdllo¢:lWL...."nft/'i deeuetbanita,; &\tN~1'1q'lcbol1_, MIl t4\"nsti.~r.. r. ... tul,(!{,!l.u:"f:ri1la 
1" nr~..e;:,l tu ~ee 8 blook ta tnm~.la 'b7 ~1t1ve: 
tDhDltt:~, pnrleutlng ~f.toa or aeetylcb.ol!wr:t to th~ ~"lr~ ~!.t_prevct~ 
.. ale ~1Mtlcm. Oa the othW hu4 .. ~thl,'_l1,m 8Jlid "ueu1qlcllol~ 
~t t .... u.rd.alOl\ ill 6. ~ :!l1ltlila~ 'to _ UCl~e! ~ ta'l4l't.ylabollM, thelt itl, 
(~ftus1n~~ peN!3tat. ~,polal1."tloll .1' tt .. ~ Jlm~t1ml th~y pJ'Meatt,lII 
rC't~C!1a:rit;nt..!Oft ... ~lttorl o,f the ~1_ \'l"JOle. ~ 41t1. __ la 
II 
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ettOt:twbeftia .... t.SptM t*Uttte ~lsa.'Ml'Ue ViU",b .. ~ aQftyliNao-
u.. nwn De. ........ t .... 1-... of .,...... .~ Ml\Ul ~ or 
~~. *lob qa ~w .1""(-.. ,. _ cIaol~1Q noeptor 
su._. leo.,. diNet eff"" .. ~_ oa ~ ~le ~ at. 
tM ~ ~"10A. ~, 1~6, ~ -." .......... .-ed. 
OGII~ Of tJae tnlc'. ~ ••• ole ..... ~te4 -.., .... u.t tau 
~t .. JJ*riJ.,- due ..... 4u.o\ _trl_ of *- 4naI _ .... .,.sunl 
~_. Y.taa ~ aelAt.a1 alNle .,'-1 __ .... 1_ et "...U.ptae vu 
~ ~t.a.1l1 - 0_ ~ lt7 ~ ..... ,~. BIen I.e 
~'-I ~, ... , ..-,I.S_ .. iv1", U .. u.a. ... to .. _t.1· 
.t&o1'-~ effoft alone, IN\ .. u.at _18 .,,~_ .,.,..,. ." 4hO 
.. ~. 
a. -..J.Ni of tile ,...... 1.a'test;1 .... . 
lIa tM ...... , iawat.iaUoa, 111* ......... "1.w.U'""", or 
4~ wtta~"'" ~e .~......., tM toU.ow-
1q ettec\4l. lD __ d1l"17 Ja •. ~ twJ.  ~ ... , 
(lOO \'ifIJq) IlO effect. 11M tiO ..... _  .. ,,1""t,. III .,. i 
""'es.-,,·ua, ~Il' ............. __ lee. ta tuU ~J_ 406_ 
(200 ~) -I. "- .t.l. 1lldat.&ta14 _ m.ttD:tal. ~loa .. ~ 
ta _,.t.:"", ot tU t~la& ~ wu~. 114t.\l\ 'fJda .... GO ~ 
... ,.... .. .u.S'*' __ ~, elM_'''' a\a.1ule of tile .... to ... 
vlt.MiA Jl 4tittUJ.eM. ....ua ....... Den'eW tM .... 1 .. _~ ........ . 
.. e:le &a \lD1Jatenl.l.¥ ...... M4 as."s. au alt.uat.l_ .tel .... t.a aU 
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..... I ~:I," Uti .. va ~Md ~ HI". 1B ~ ~teI1 
.. fll.ao 11l ...-.l »1 cteftalat _t~., t.bft 'bl.oclcf.nl ~ 01 4-\~1M 
"' .. ~leC ... ISO ....... ' eft .. _ ~_ ........ I~ 111 et.p1t-
.... , ,. Uda ....,. tba. ~lti ..... of .. ~ wbe'tbw leu Uum 
f\lU ,~ ... , ruu _1oekha ...... or ... 1. V. hU ~ -. kd 
... ~ .. either tM t'Jlw~1_ .-.'1Ua of ~ ..-cla QI' 
..... fill Vi ..... a <left.ta, .. eJ.H. l'bat. U to .", ~ t". of 'fWUla ... 
\10» ~K .iiUl_lr I.a tAU ~tal.l~l_io 
Intft.....,. ~ia of .1MmiD.Jl etao1'_ (100 -'_) Sa tU 
......,. _.-.1, ~ a "' ....... of ut.i:"t;~ vbha .. ~ WcrlM4 u a 
"lia .. of ~'_J.oa".. tId.e ..... ilt ~. aaiMJe f ....... __ 
~. f'ol.I.owtraa Qt.. anl.:vi'7 ......... .:l.Mt.rloal .Ss.... .. '*' 
~. ftAd..... Ibu.r at1;. utln\)r __ ~ ",'til effol"t __ 
to ...... to w. • __ ... Ublol .. ~ _s_ at .. t,a __ ~ 
.......... ~ ~_ ~ tIM -.tM4 w,~ """ na~ 
..... t~ ia __ v1--':I a..ttel" _s-ltt .. vell .. Sa cbroa'~ 
~ _INla, a ~". . ...... of .. Ivi'l',+l toU.ed IAtnYeAQU 
......... 3' ... of ..u .... of a.eiB71 oWl... 1D .......... of _1~, 
au ... ,v1'7 ___ after a,",*, ,_........ Tala 1M1 ... V. ... wdt 
..u, ..... UJa or tile .1taMla ...... t.eJat, _J_l ...... ~ 
~ fit \tOt.la __ 11 "'t.~ ... ~ ut_la. .. ... t.rmeoua 
..... t.ialJt of \lie 'I'lteaia I 4etlcl.' __ 1 ..... ~ to raum aft.er 
Wa ~ ... ~ ~ toM ~ fit .... _, actin",. J'1.WUJ.a-
tlcm potut,lala Of t.M 4enenated 8.Q1Ml8 we,. diUO __ to fttum an.,. about 
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'-~. tbIH __ ..... nw: .... ,,1118 tM ~~, ... 1U.-
tft$e4 SA n.s-. 11. 
~ S4erat1oal \0 ........ 0I'0e4 .... tor ,"1DI'1 cbol1De, .... 
~ toll.ovtac ...... 1_. ~,_ f.D ...u .... \1M ....... 
ta1ieN4 ........ __ of 4.eaenat. aM vl ..... )£ t.1et1~s.t..s..la. ~, 
~ &GUvt" to1l.cws.a .\We.,l eUlJae ft, .... .,.. ... ~, 
•• t'd\, t.1J.oviraa ~_ 4W ~ ___ tor • laM\ ... ", ~. 
111 .~ tMa, .. 4~ 1a .ffect. .. ~ .,..".. tM 
.... ,... til fiwt.llat.loa or ..... filcWl ... tIIat. of ..... teftef." 
•• , .... 'thin' _'d .. ...,.l eMU .• _ ~t.. 
After adldat..,,,,.soa of ... "1 ..... tile tou-SaI ~.,.. DOter 
III _1 ... -.u ,,1U ~ ~1e., .... S.~ ., "..\:Ipd. .. 
I'efN1W Ia .,...toat. ... of ........ t ........... e.at..l. etten 1tF tu 
_t.1 .. u1t.e11 ta prclOftPtl hunw .. ~ _1t Mt.tvtt)r, wnall7 vltk .. 
lucl'lMlltfe la ~U..... Io.~ ~t&b ... .u.et .... ,.... trJt.eoe 
__ t. &t ... ,. l'a. yltada i 4ttt1cleat __ 1., fl_ ....... after the 
~14trat"'''~, ~ ............ 'ioa fIIt ....... ~ 
._ •• , ......... Sa t.be ~ ..... 'u. ,. IM_ Sa IICtor ft1t 
ac'lv1t., lWMl \JI&e e:f'f'eft fill "_kiD,,,"' ..,. ~ ~ ., .. ~ sa 
................ u.al.a. __ ... "lat.1 ...... 10 __ ~ IlUHle 
vu ....... , .. p.rGlttl .. S __ 'Ma, tM .... \1111, _U""'" wu -.t. It. 
.. tMa ,..l\lle to ~ tIM 1M ...... 1a -..u,,* u4 ~, of df. .... 
~ of ...... eptlitt...,. ;poteatw. ..... lIa4 oed........ Ia __ ....... 1ul.1.1' 
.... nate4 aI_le, tIM ....,..t. ... , .. or .PJ'OlI'l~ l'Uulte4 in .. he .... 
lD .. J.ft.,. Of' volt.ap ... In tbe tn .. -.l' .r -. titll'tUsUon poteatrUl.a. 
'ft&e effee\ or ~l~ _ the .l __ ~N~1ap ot ~ 
potatlals ., 8.Ol'fa1, vlMa1. E 4etlela\ ........ t.coll.7 ~ _tal. 
11ft m_t_~ b ft$UN 18. 
fa U. UN 01 JtI'QIItSpba, tobe ."...,.. -.JM11!14 .. Mt1t tnee of 
tI.WtJlatlM, ttloM hea 4eHftatha u4 .... ". '11-'''' 1£ 4atle1at. ~le • 
........... 
J:a .,........" Uia. 4.--.u:rvlM, .... ~., ~-c1:t.ol1De, 
at .... 1.1p.t., ha4 • aWl ... tt.ot .. tbe tJ.br1ll&UOa ~ Of 
~ '-'lta .. tM tlbrlU.:ttica ~lala of ntala ... ne .... 
NWOt;ta. ~ la~ ~icu of ... ,.... wl-' .:u. :tour clnp fA 
.~ ~. tor t.be .t.ctOMDt tbat, thea. tNo tn- flit ftla1.1l.at'u ere 
w..t~. 
It. ~ ., t.be ~Ilcel 1184S .. vlVl t.llOM O'f 
~_b .. '&""" . 
... of tile 4Ng ..,..t.a .. ttwll.l.M.loD ~~ tit .!\aU I 
4eft.e1.- aulRa1 _elM ........ ltft'ri.CNa17 ~. 
III __ eft .... of ~~_ Oft dae"_t,~:\ mn1J.aU.cm, ow 
n ......... ill ...... 11 •• ' .,:ttl ___ ta ..... ,.f.M;tonl __ ~ _effect Oft 
ft~ .. s. ~ W. 4nIa Sa ..atnen4 1a .... -_las "IlUIIC).a ~ut?' 
_ ~ l.l7 .~I'1ea1 ."l.'b,t.t.oa of .. ""~tenl ~ 1. 
< ...... 47 ... kW, 1914-15' ~ aa4 Mesl __ 17, l~' ~JM.t 19UJ .leU, 
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l~). Mo."''''' (l.~~) vorld.q "1~ .,. to~ that 'While '''bloeki»a &:Mee" 
of 4-t;,~ 414 DOt effect fibrillat,1_, VVJ' large 4Oaes" e4m1au~ 
'D1 clO$4! 1at_~al ~t.l_, gld ca._ eeuatle of flbrll.14t.lon 
ae-ttvS:t;r. 1uUo!l!l (1m, 1"1.) t'4Na4 .. , UWI .... 1tat1oa obtat» 
in tiM rst. "" were .le t.o .... 8lJ.tla' tacna .. sa .... lnt,. prior to 
~ of IIlOtlY1t;7 .......... trhat 4-t ............ u a ..,.... "4epolar1H'1"H 
Wi_ ... .w.. 'So w1llc aliMNt ... taS" ...... 1ari. ..... Of U. ~ 
~"1u. .. .-ele tt.NJ' lM41&W \G ... at.1_ of 1'1~ "'ftt.)'_ 1tw 
.... mt7 in thltl 1Jnr .. t.1p'iGa ,. p~ 'Wda .tf~' ~ "4lJot.ol 1) 
t.be "'t ~t. _ch ~ 408u of 4-ttallooVl'U'iM 'III/q M ~ 110 .......... u 
~ ettoote in .t.tae 1......,1t, 01' a) •• .-lea 4.1ttCInIDf*", torr J ...... aD4 AU 
~ ... ~ to_ ... \ &f¥1 t;ba ~ iDvetlt1.p;tlM __ tile rabbi'. 
!Ill. poiat,., ba MttlR h7 t~ wOJ'lt vltb .w:h l..II¥~ .... of 4. 
~s., dtaa a.. ...... 'M4 .. e1M 1& :NilIJb.lta. 
'ftMt: '<~epolarl .. tloA" .rt •• , of d.~ ... t.aoa:l_ ..... ~~'-lcJlo11 __ 
4eMrvate4 ItUKle vith e_ ........ of t1bl'*lllats.., ftJOl"W __ lucba !11l 
(lSSC), Jai;mb (19SJ,) u6 MUr (l."!). Ie coat~ by W& lIxVft' .... t,10Ih 
,. tb41a& 14 tla1e l.aVMt.ipt,loa tat. .,...t.~ Vl1:tp alMN\ 
~ ft1m..Ut.t1oa aa\1v1t7 1a 4 .......... ~ ,. u ... -.t vith 
.. ~ of ..... lutll M4 JAaco (19l7), I:1ker ... ~ ..... (].946) uA 11keI' 
Illl (lm). 1iDr' ....... ,.t ~t1aYdae ... ., d~:~t ett.,t _ SIlICa 
poMDfle "'baa" a ~S*laa ..,.t. It t.1tU ... tt't.te, tha it, ~ 
toll.ow 'ibat fA l.a:fae 4oHe. .. If .-t.lDe4ft apolar1._!_ ~ ". pl'OCl1llM4 .... 
~ ... __ t1_ of tSlw1Uat~ aat.'vltl ..... ~11.b ~1_ 
1.. It_ of OI"lllD of ft~s. JO'at.tals. 
'10 teat tbI ~. ttiat UM t:lb11Ua's.oa ~ta1a ... 1. 
vlt.a1d.a 'I ~lc1at akele'-lllNMle .. l.:he \be tDI"1l.l.a\1oa ~1a18 of 
WmitnUt14 '-letal lINSelft, .. f.II.d ......... ' or cea'tN.l ...... p'- coat-rol, 
t.be toUov~  .. ,.1'01.4. \'be ............. to tD.trUl.atlrta 
~ _~ t.tllbl .. eln ofn\Db g o..fieieat a1'llls18 VeII'III ........ ",'lUlG t.he 
_~ ¥eft .... 'tMlldd .. Iu." of tilw",, __ I_le ~ .S.ch thiit 
~ .. eanl04 ovt., &lJ. IlO'tol"l.m1t act,1ltH.), .. sea \Fut. the fl'tt~·llJ.Ation 
~tW ~t1nued to tlN. On the .. l8 f':4 _18 ~" .. eOllWl~ 
tMt ftwlllMt100 ot .& uf1e1fmt ... 14; lU,c t1brillM:~100 9f d~vate4 f.lbic'le 
,. ~tr. ~ c_tra1 ~ .~ CGltl'Ol, 1t. 81_ flit Oftila ~ly 
reaUtDl "'tbU' in tM IIItItor eat lila- or 18 the ~<jle ~. 1'l4telt. 
Ia vi.... fit the above f'1..tlc1:bc, tibe ata'&'U8 ~ tae .... eDd. plate u4 
tl:aer/t .. ele flMl" 1ft u... e0D11tkm.$,. vl~ IS 4at'le1elu¥ aM. ~t.tcm; 
u ... $;pec1al. .lp1t1~ ill all,t .. -wtuc t.o __ ~ tJiIe ,,1t. ot or1&1tl of 
the ttltJ*Ula'tloa JOt.eatiala __ 1n .~ t.'WG IIQ'Otatkle;.l.. 1!be tol.lawlDC 
.....,., ,...ta vllat ~M 'be ''he O\II'NI'lt kaow~ or t.lMt h~l.Gslc~ 
atatu ~ tbc ~ GQ4 ... plate "1Nfj~1. filter SA MftIIIIl, ~l"Y~. ana. 
vttarda I Mttctftt. .. elM. It. :rev ..... t4 \be 11tentiVN 4eal1ng ,.,ibtl 
"""'t.~i0a8 lIIhld1 bllve Mea _1."...1414 out. w tbe .1~ at fA·IJfs:Ul o~ ttlu!lll&. 
tloa poWm'tiala til 4eaenat.ed ~lM 1a also » ........ ~ .. 
r~.14_1a$ UMt ooJ"A'lal $tJ'Uqi:.wre of tb.e motor ad plat., Reger 
(l95~H ~ __ t.be fel1ovUa5 view (..mlch s.. in ocnemest yit.h the YOl"k of' 
Coute:.tUX 19"+1): 
''rH ~ (a), a1~ with. ~1b. (M) amd .. 11th. (!GfQOMll't .. f:a (~ 
~_ u4 uurll.1t1ina), of wh1cb the lUIl.ei (I) etad (I) are :f.a41-
eat.e4. IQ'Il"O&ehes the ~lo ;f1be:r.. '1M Ilene all.eat.!t elettmt8 
haft coattmd.ty vltb t.M .. ~l. tiMJ' _ .. tb ~. end the 
.,.urt t4mtutefl betorll the u~n 8J'brorbu.. 1'be anorlz.iDg axoa 
bu ~lated. vUb 1t ~1 (ttU'borlaatlOD t iNGlet, lUI). Tlw 
tIJ:1'lI!Ml uQcul bl'Uf"..bH aft ,,',-teet 1A ~ftIIM4 1I"OOft4 ftg10M 
ort_ 8U"(fol.eaa. '.ftaeM ~~ .... ~_t the 
:s-t~w .. rae ~ an d1tterem.htH to the extut. that 
~ bilw s.vqtute4 trom t.betr HJ"face ,PttOJMtloiraa Uft0te4 1Jtt,o 
U. i·:)l~"l}las.1 tm:tG u~t,l1 ul:f::reu1tl$ .ul'f~:;e UK.. t1Q the 
~._ or tbe .... -plate nato. (~plaa.), ~le auclel 
( ttiJt);'u.ut1'4\T!',(ltal' %1001.1, 1lf) 4l1id dtoe~l"1a aM~.. The Z. 
~ (z), ... ehowD u _tl4Wit. ~r ... 4iataoe Sate t._ 
iJale-:~Wl~" {thr • 
'!"bfN~ ~Xi.i<tnt9 tll"e 41e~"l:~tt~'1\l1l;1 lih,~ 1:lRI!~rt~ t1~ N'p1"Odu~e4 beN 
u J"1S'1!N 
8J"l»irlHt1~ vtUt1D the urn.,}!' f>~ plato. a...~t08 {;,Yal,ler1-. d4~nant1on). 
!h1s 1. N~ 43 ()C4Nl't'iug U oarl7 .. ""0 .ruqs tollmt1..ne ~r ~ 
!be ~41n1~~ .1..eMfl.M or tM .,to:~ Cl'ln plat,e ~~ in ~t."lt vltb tb.e 
-..eu t'1'- tor a eoD81den);u pttr14d (up to 17 1\I)Ilt.h.<i) ",,-f,tIl rel.1lt.ivol1' 
l1ttle ~~c>. 'Iftle ehaotte 1a 1IIIWRl.e ribera due to ~.t.i,_ 1a 00. Qf 
a'M:ph7 ~ ~QMt.ta :tn 3, ftt4Q"ttoa ot at .. of 'tIM ~1e mel".tllhl1. tbelr 
tom :1, _ •• U,~ QOBM:rve4. Cutrtlas u4 y~ (1~5) po~nt out that 
"Wbea 4 r..waa1e flb,.. al~ It& .'Yld""Plaw _y reaa1». lm.et, ~ ~_, 
II 
evem tU"ter ~ than a Tear ot' dcm .. ~rir'i.d.1onO' 
Fig. 1 A diagram of a semi-profile view of a motor end-plate and its associated 
nerve and muscle fib er. 
A, axon 
AN, "arhorization" nucleus 
E. nu cleus of Henle sheath (endoneurium) 
}'N. "fundamental" nucleus 
M, myelin 
MN. muscle fiber nucleus 
N, n eurilemma nucleus 
SL, sarcolemma 
Z. Z membrane of muscle fiber 
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tr. 1ibe ... 141 tt.... '1'tWf" __ cCld't ....... 'til' Iopn, h~J.-r aa4 
Ooet.tea (19)1) Sa f.'td.Ma ,lp u4 nWbl_. \)J PaJP ... t.mw- (1939) tor rat.; 
u4 for I'I81Ilu, l:t7 0.., .... ...."..1,. (1951) aa.4 ........... u, "y M4e ..... aM 
1t0lr.aN (1t56). fte _ .. ,Sal. »Sc"," tIleD 1.8, ta ..... 'a\lon tbe IMII"Wt 
tt .... ..... I .... te leaviD& tile ........ plate , ..... "sUa the .. c1. t1M1' 
which lta1t Prop:a*J and. 1a Y1~ a 4eflcteaq Ule Mne ft.lMmI aacl \De 
raerve eM pl.a .. rtealD I.Jlt.aot, \M IIOtOI' eat! pla .............. tl'Oa 
___ ale t1Mr w1 .... ~hc ...... '1_. 
TAe butoloa1e ..... la ~ ....... P1.-_ 1a ~1_ 1n 
Yl"-i_ .I 4et1ct...,. aN ... I.a n,.. 21. III t.bia "tet .. , A ....... fftD 
... ,_ .. YO'lm8 (1"'5) ... the ~ .... plaN via ~ .. _. la 5, 
ltJ.M·fNa flUtMu .... 1'_ ....... tt.oa .. ,...\11 .. 10 .... tlq .... ttoc of 
taw ... lMvLq tile -'01' eat »lat- ., .. lae4 ~ 'tile -.ela ft_r. Ia 0, 
..... tna ~iMl' (1939) the ..... , ......... a'ttacbed to tM Mtor 
.... ,lUe .. ~t_ vttll • .-le tlMr &uta __ leet • 
... .. ,_ 01 ...... eat plaM au ... ~ ... ooaatclen4 
1a te~ fit .... 1aau1 trOft ___ \be at_ of oritda of farUlaU_ 
~. !a 1941, Bctolea ~ .... he M4 J.JmIn1pt.M tile tlbrillaWl'y 
_n •• ta ot ~ at ....... 4_ 'GO coatl"aOtta .. lIP b7 ~ 
U'tAll •• ~l)t from _bal. auwl$ ttbera. u.t~ f:l.att .lect~ tor 
lUI{U,q ,... -.11 b\lR.dlea of -.1e ft .... , .. fOUII4 *at b Ii 81111110 ft'Mr' 
\be ~ fit 4t .... va ~ 10 per ........ 87 tUbI& olM\rlea1 
NOGI'ICU __ at 41tf'ueat pcd.mia aloJIIc .. l.tmat)& of ... ttbeN, .. alIoM4 tbat. 
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loa 
.. ~ or 'tile 4enel"vaW4 ....... plat_. at l.eut. 1ft tae u~rior pectUs 
.. ~1e et • nt.wS:t.b CtIft.hl.~ cd tM .lAMt~t t.be7 state, it 
... ~.~1e alva,. 'i4 GUtllae tho "''''Plcte ,... .-lta aarply by vatcb.tq 
tor po'-. &11 vbloa tJle pbue anler or .f'1l>r1l.l.u7 ,...,ta18 HcaM r«mtne4. 
Ia .U __ , 'tben WId accunte ~ vita JftViow btat.olOl1eal aDd 
pb.)'slolqt.A1 nt_ace ot tJae 1~1_ or t.be ea4 ... plAate8. I. a prevlOtJe 
paper. lvoho and. b18 ~ (1952) ~_ ~ the locettonot 
4Im4...p1aw "' ....... 1IJy 10eatlal JObta ., .,_ ....... late , ..... f.al.a cw14 be 
.11«'", ia tJle ~ _Mrtor ..-:tJJAJ .aale f4 NU. ~ towul tbat the 
.Jl4 ....... ,. aft ~o'* to\I8d. b two .....vlete4 ..... ~, .t*", or aeti~ 
,ot.atta:t.. ti1,dteci Dr ...". .,,1na.l.$. ... ,- 00wtI4 Ulat. ~ .. tM ..... ioul 
OCQUI'J ... Of douOl¥ J.rmenate4 .. ole tib.... 11.~cal ~tl_ 
c.tlh8d \be location Of .. R;4· .. »laM &0_ u4 \Ao .d,.~ (if tM 4odbl¥ 
~1oed ttMn. 11:& tbelJlt 1~ ,.,.. _ t11wtuntoa a1'tN, __ fCNWl 
u..t tibl"Ul&~1oft ~t.a.a. __ ~ h'ta 1MKll eM plAw ~.I aMl· tltat 
Ut.eae ~tw. owl4 ... tol.lowe4 t". t8 eM·plan ... at H Mth 
~. 
'Cia .. ltaata of Ute flatUnp PNHGt.tII1 ta t.bu Rucr, it 18 IIiR 
poeeiWM _ ~l~ witteA .1i. ... icm _te1 •• 1) ftbrl.llat.1On is _colstea. 
CRIll· 'lis:" ,. ,... ... of 'Wae aao\or .. ....plate OIl ... _cle tiMl', OS' a) 
_~ t ...... .,. ttWillat.e ta \be .... ot tblt ~ "~t.e. !!aa work 
of __ .. ~ (~a) u4 ~, of ~ all (l~A. 19!:4) SQBOI"t.. 
td.le ~ vio. tAft auwlolleal kg .. the.tat_ f:4 tbe Mtor ea4 pla\e 
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b I Mn,.:JAao~, ... the work or if'o'lclR (1~1) on __ J"W~d. !mlAtBra r ..... 
the latt.e,. view.. M4tt,lOHl~" .. tbe ~ of ta wJ,&1a fd 
fl-'r111&,\t_ tD -.ltat". I 4etteie\ 1Ilce1ftal aaaele 1. m.tOeMU"1. ,..~ 
~_ to .. t ..... tot .. tUm Of "*'18 t.". an dM\t .. s.'*l in ;'J).-MUN 
hob:a.-". 
ftU vodt repnseata tile fiNt 4etbttt'\IW • .., ., tile _.letal 
Jl!l\tMle pat)aol..,. of vt~ I .,teteaq wl81 el.ee'tJ'041.-'lc (l"b.Oebue fl 
.t~tlca, clll"Ollltde, npet.t"" ."taulatloa ... sal'tW.tie teteaue 
Nt1.), .leot~Jl1.le ..... ~. <-hi ... ~ 4~) 
MOb ...... 
OA tbe bMl • ., ... b.,..',-'lve f'1aCl~, eU .. vp't,1.Qft of tM MC'IItW 
_lta .a.l "~tt_ ., ... Of .u __ 1e ft..... ... att~ I1QM-lu of 
yital. B .,101_' ....... 1_ Sa eleu'lT ___ 1 ......... 
,... u.. .1ect\ft~t.l_1-.l fl.", \1M .. , .tsaltl~ 
a~ to " thet of the .~ or .poo~ tl'brtllat1oa potftt.t.ls 
..... 1.et.~"'lQ.U7 In tMM 4ntrophte uiMl$.. ftlle o1otlticaue 
1 • .-.1'*1 'fit" It ........ ~ tbtt; tU.rtlla'MA .... t.ta1AI b Ueletal 
~ IaIPe beea ~ ... ulr' ~1q vIleu Mets.. .. "Mq:ueDt 
~ ... of tlie .. or ~ to t.M __ le baa Uk_ Jda- u wlt.b euq1cal 
or ' ..... \1. __ Jlftt108. Xa vl .... a I 4d'telcmq ttle)ri~ flts:n&Jlt._ 1. 
lat .. _file n_ .. l' .. U wl\1l DO .re~ ~fttton of the lIiOtor DCl"\te 
l 1 __________ -----' 
\ 
f , 
\ 
\ 
\ 
\ 
( 
J 
by all prevlow tavuttaawn. 
rae ..,.r1_t.al ~fIl .. vitia ~fI~ 4rI.iP ~ 
In t.ll1G ta-vuttl.tSon ftPlU-- tM ftnt. .'u47 of auca .,.~. .. t,o \bell' 
ef'tect ou .. fllbrlllA.ttOG pateattalli f¥l vltu1l:1 E a.tlo1t8' ~l. U \feU 
H tow! tn.t coniftIR1B3 of lI.b ~. tf.) tlle eft.t flit till __ f.rvp _ 
t1'brllJ.atlon ~_tlala qJt ~t.e4 MUle. 
1'.be ---1\7 tor .~1q 6nel"VatlOft 4aa, to It 4etld .... ,. ... 
nqulftQ 'Uta, all lnvNU.,.trJ.'Ve ~ ..s Oft & 4et1cl.' ~ alao " 
UH4 _ ~&tM J.IIIMle. 'l'k., .. ~t1_ bu ... ~ of: untN-
4~'le u4 iJd_t~JktQ t1DUap .1a _J8I'tMat.al ..... '1 ... 
__ Wo eootrlbut; ... _ve ......... to newer I. tee~ (~ttlw 
attllulatt..) u4 to corltl"OWftlal J1It '"_''''- C,..... ... , ~waSe wtuu 
ratio .. tu.41cat.iIIu1aUOD). 
A M'tbcId Ie "...eatea m \be kaII41:bt& of Neotndl ...... ta _tfl 
(JU'l~lF Utat. ot .,~ ....... 'U.a 0 .... ) wb10il ... be. ~~0UIl¥ 
.-ldencl .. too VU'1able 1;0 1tra4 tt4elt to .,*,SAu.l ~1 •• 
Ia _t blvnt,1&IltlOU fit .. ~ ~, ~. __ ... ,.1erIaa 
ue ".... ~ ., '" ~l'fed 'b7 \M a'Uftat lDveat.tpt1e ltactlt. 'aU 
~ __ 'IQ¥' p:owa \0 ... *' UM:ptSa to t.bta .ta~t.. .... the 
pro'bl .. ~ UJOa Ul toM pnaeut \'IOn .1Id tlMu should. M 1aveat~ 
ta t.be tutUft, tlkt foUovbtJ -7" tu"letl.7 ett.e4. 
L 
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TNt ~olol&lC'.l ,f1M1nse til thttt s.a .... t.SsatlQl) a~n t.ut 
a44ltl'jimtl lln1M~tptlon be e.UTte4 .mrt. vttb lNrp ..... of d ... 't~'t.tI'artM 
atJ4 ~ttpl_ 'With .~1al • ."twulds ,1e!MCl 011 tJte N~ ·":l~lub,b.l" 
efteeta of ~ ~ 0'4 t1bI"1U.;t111im pot_tala of ~t._ uruscle. 
Ine .. a.l or n~J"ltloral~(ttUal' dJ'etroptq .".. with alpb&-
~ H.ou14 bcJ stwu.ed _t,q t:ite electrodla __ ls ... lect~~ 
proc.bln. ~lo,.a. 1a th18 lm'Mttptlml. Tbt. WOQlA Jelldt .. evaluation 
\0 be Mde ot t ... ~ 1'or .. WI blO11dlIhQ' t.0G1a I. ~t.10Ml 
.. nlu' ~t1'O~~. Put ..... Qt tbeft ~ eoulA be ft1III4e 1~ 
ftal..t.1nI dnp other tbu tOC;~ wllteb an ca,vahJA If4 ,....,..,.. tbe 
llINIICH ,.tho.~ in vttata I 4eflc1crtlWy. 
~~p\'Itc teetaa1q .. wal,q .1el'OelMt~ IJboG14 be •• »11.114. 
'to tMlate4 tlbrlllatlDc .. ole t1Mrs of vitesU E uf'l~t.n -.ole to 
Dtend.ae wbetbe:t t1ut 10C\Ul of act_tl .. lMt1Sna too tM productt._ of 
tlbnllattOA potenttala 1. ftet.rlcYd. to a pa.rt.lnlarpH'U.oa of tM SIPle 
tlhttr or ~l" IIIU7 loci of _ad,t.at-ton .,. be preoat 1n the 1D4tvl4a1 
t1.Mr'. 
Ptul.ll', t.b8 ~ of 'to. atat_ CIt Ule ~ .,1aOt.1eD tn 
vttaalft E Ckttlc1eool, ~ \W 1';,. tat .• lll ..... tt;at.J._. ___ '- tbat e1ecrtre 
IIdc~ .t.u. .. """ted Rt. .. tb1tJ p:J.I'tlon tJt 10k. uge.erattaa .. ole 
tt-.. to _tend. \be c..u.t.t_ O't t_ ~ UIil ~l .... leMMa wtd.eb 
uke up the ~'aot.or .. plate' .. 
i 
Vl~ .1 qflo1eA~1' va ~e4 1a nbb'''' -~ ... _ • low 
v1ted. I diet. ~r041G~1. a.:t eln~e Uta __ ~ 
ira "- Mt.ulor tlbW .... lM of .~ utala u4 $JO'dt'M'let ,...S_t • 
~ of ~~le data obt.a1"' tr., 
1.. tOMtrol us..1a .. t.be ... Alet; vltll "1~ .I (u alpba 
t~l). 
! " De:tl'U'Vat.e! aa11!li18l.a llabtalDd _ tM ooatrol u.n. 
j ~ MUt._17 fated u1-.1A _ .. low oal.o.l"t.o 4Utt bUt ou aid coMa ..... 
tbe "1~_ (lDcludl=g i) .. mlM1'8la t0W!4 in tlut uODtrol diet. 
1,1.-¢tr041~1a ~ tM tcUovl_: 
3.. it~""'ttOD tnII'W"ea ot vital» " 4et:!<d.Wlt _.l.wl .. .cles 111 
tbe .~t.. de1'lcifmc7 .tap had the ... upal'd tnw1 .. c~1.t..11 ~ 
lI!WJe.lJ.ta, IB41utt.ac., OUllPia _c1t..-Wt,.. !be &\! uf1ljle:t ~le C~ 
we,. ~1.2(, coatalftl~ t.wo ft~ .. vita .. 4~tb.uUtl' OJ" k'_ at thea 
Jua<:tun. 4ftl18 t1a41q .~ ... t.Qli.1et.e • panlal un8r"at1cm tor l' 
1. ~tlcel17 to\m4 1a " ... ~tN D'MlMl.e t011_1&& ~et,e 
4UUvo.:Uoa 4_ \0 HCt.1oae4 Ul'W, td4 1n JJrUt17 ~ted lIIUt:lu ct_ to 
pu't1aU, ~ ~ aenea ... 11l e~ DOrVe b.,url_. 8tr~ ... 
¢\U'attcm ~ at ~ tuWd _tull ·vue noma!. 
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\ 
2. ~s..~ repetitive e,taulatloa D4 pl .. te te~ ntl0 wl_ 
of vlt.ub J Uftcl_t. --.to ill tM la't4l atqIN ftl"e to\m4 t(J be .:~ 
to tM t1.n4Ui1p 18 tbe MI"~ .taps of c~el.7 '-_n&te4 .-ale. ,.~ 
ula8lJJ M4 ~ _laM tor all ~ ..... 
,.. hJ"li.,.~ tan41c &tiullatt_ fttNlt4J ,..._ too _ uaaliMl 11l 
tba'C * l'UJOIIR of coapleto1J 4e~tf14 aaacle ,.,d .• t_ t~ '"'-
_latin 1aveatlptloa , .... of ailt""..,.. Aut,optl __ :1_"lfm _ UleM ul_la 
00Btu.4 \M coat.lmMd. ........ etaM of ta. tIOtor .rw.. ~ 1a coat.1"U'7 
two ..,.u. npol"ta t.M.t J'ft,JOQM of ~ ~tA4 itU84la \ti) ~ ... 
~ tanwlto .,1_1.1_ 1, l.oat (1,0 .,.rs-utal u18la auf, in .... ) 
an.c- nnea..,.. as-.see,... i.a ~ of tIM ~'M4 .... * wu 
,..... 1'0 " .. b ~14 few tile 'V'lain J, _ttelat. _laU .. _ales .. 
well _ tM tU\eQ Qs..l ~l_ .. Clibkt1lfl4. 
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